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1.0 INTRODUCTION "

N}

In occordgnce with the Removal Acti_on‘ Plan (RAP) -prepared by Environmental Resoorees

Management. Inc. (ERM) dated Augu"st 4, 1995, the Galaxy/Spectron Site Waste Generator and
Transporter Group II (the Group), presents this Final (100%) Design for Removal Action (RA) -

'activiiies at the GalaxylSpectron Site in Elktori; Maryland (the "Site").‘ This document represents

an extension of the preVioos _desi gn submittals prepared by Advanced GeoServices Corp. (AGC).”
This Final design represents an 100% state of conipletion and assumes that the Providence Road

" Bridge repairs and East Milt Race Stabiliz_atio_h will be eompleted prior to 'const‘ructi‘oo of the RA.

-The objeetive of the RA is to‘su'b'stantially improve water qualit_y in Little Elk Creek (the "Creek';)

by is'olating the Creek from groundwater dfscharges, stream sediments, seeps and springs which

represent potennal sources of contamination. Thls document builds upon the stream isolation

concept presented in previous submissions by presentmg additional details of the design developed

to meet the RAP objecnves Although the design presented is intended to satisfy the requirements
of the RA Order, it is also planned tobe consistent w1th and mtegrated mto the final sxte remedy to

* be determined by the RUFS. o oy

- The Final Design follows the approach to the RA which was presented in the previous submissions

presenting the desigrr in greater detail and, addressing specific concerns and suggestions of the
USEPA, MDE the US Department of the Intenor (USDOI) Since the 90% Desrgn. several key
elements have been further refined. These are dlscussed below S

. ' Final Plans f torati Both In-Strea cnrhi ) and Riparian Habitat
AGC has conducted a detailed stream bed survey for the thtle Elk Creek wrthm
the hnnts of the: proposed RA activities and has recerved mput from the USDOI,

USFWS USEPA/BTAG on a detailed habltat restoratron conceptual plan -

- prepared dunng November, 1997. The plan was presented tothe USEPAIBTAG

PR

1
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USDOI and USFWS on Decembcr 2, 1997. The plan was funher dlscussed |

' durmg the February 2,1997 rneetmg thh USEPAIBTAG UsDol and USFWS

- ‘ Subsequent comments received from. USEPA have been addressed in this .
_ document. This information and feedback has been evaluated and mcorporated |

_ mto the 100% desxgn in several ways

o
i

e The grading and conﬁﬁuration of the stream bed 'has been ntodiﬁed to
- \ project extsnng conditions onto the t'mtshed site grades and produce a

plans that accurately predtct post RA ﬂow condmons

! . : !

'+ . The dual channel design retains many of the mOdiﬁcations introduced
during the 90% Design to allow for increased habitat restoration
‘ throughout the pro;ect area. Utthzmg the semces of specialized sub-

3 consultants in the areas of habitat restoration and ecology, the -

_'conceptual restoratton plan prewously provided has been: devel0ped
_ | N into detailed plans and spcctficattons showing how the post- -RA habttat-
| will restore or improve upon the habitat currently found at the site.

. 'Ihe‘Ecological 'Aesessment has been, modiﬁed to 'include several
o _'addmonal elements requested by USEPA/BTAG and USDOL The
: 'assessment report is mcluded in Appcndtx G |

. o | i’lans for baseline'biologtcal monito'ring and a tong term ecOIOgiCal.
- momtormg plan for the restoratton elements of the design have been
B added (Appendlx H)

+  Elimination of _Cast Con rete
Since subxmssnon of the 90% De51gn, Rernedlauon Contractors mterested m"

S performmg the RA activities have reviewed and prov:ded comment on the

Fmomumm-mrmwm .
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Constructdrétl:éoilty of the dest"gn Based on those comments, the desi gn has been

‘modified to ehrmnate the pre-cast concrete element of the secondary channel.

The change represents a return to the concept ongmally included in the

'Intermedtate (75%) Design. This includes construction of a continuous cast-in- B
" place concrete structural wall along the length of the proposed stream lining. The - “
- wall willextendto a typtcal depth of 3 feet below ﬁmshed grade and wrll provide

the anchorage andrd gtdtty reql.ured forthe tsolatton system. The proposed design
change will proﬁdegreater ﬂexibility for reProducing the irregularity of the -

‘stream bed, reduce the lead time required for material procurement, and eliminate -

expensive and time consuming rock anchor systems. The cast-in-place wall will

- allow the single-channel concept to remam as an mtegral part of the design wrth

the necessary habttat restoratton on top of the entire channel wndth

a tl astern Mill Ra

The 90% De51gn recommended that stabrhzauon activities be performed in the

- East Mill Race during the winter of 1997/1998 to prevent connnued erosion that
| couldhave impacted the current'design or the long term integrity of the Removal
~ Action. The USEPA in their letter dated February 5, 1998, directed the Group

to begin the stabilization activities immediately. A copy of this letter is provided

'in Appendix H. These activities have been'initiated during finalization of this
~ design and are expected to be complete by the end of March, 1998.
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2.0. BACKGROUND

The Galaxy/Spectron Site (the Site)is located off Route 213, north of Elkton, Maryland (Figure 2-1).

It is a narrow prece of ﬂat land within the 8. O-acre parcel owned by Paul 1. Mraz. The Srte was used h

for solvent recyclmg and fuel blendlng from 1962 until 1988, In 1988 the Site was abandoned w1thﬁ L

solvents rernarmng on-site in tanks and drums In late 1989 and early 1990 the PRP Group

. conducted a removal actron of these matenals to rmt1gate the potenua! hazards of ﬁre, explosron, or
exposure, : . : .

Y

e

| Pnor toits use as a solvent recychng facrhty. a paper rmll conmstmg of numerous large burldmgs : ..
 occupied the Site. The mill was destroyed by fire in 1954, In 1962, the mill buildings were razed
" and the solvent recyclmg facility was built on fill material consrsttng largely of rubble from the razed
bmldmgs The Site now consists of several standmg bmldmgs. empty and decontaminated storage: -
tanks and drums, and remnant process fac:llt:es Old butldmg foundations and related lnfrastmctute :
exist in and beneath this rubble In June 1994 the Slte was listed on the CERCI..A Natmnal :
| Priorities Lxst (NPL) '

- Site operanons prior to 1988 have resu]ted in volatlle organic compound (VOC) contammatlon of
Site soils and groundwater Chlonnated and non—chlonnated VOCs have been detected in the )

groundwater seeps which enter the Creek along its western bank.
In 1991 the PRP Group entered into an Adtninistration Coneent Order (ACO) with the USEPA to
determme the feasxbnhty of mitigating seeps. and shallow groundwater voc dlscharges into the

Creek. The objectrve of thts removal actlon isto acl'ueve target VOC concentratlons (State of
Marylancl surface water quahty standards) in the Creek | -

memsummmwm ’
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An overburderi groundwater extractlon and treatment system to miiti igate the seeps was envisioned
in the ACO. In 1991-92 evaluatron of data collected by ERM as pan of the extracuon system desrgn .
strongly mdlcated that the in-stream VOC concentrations were a result not only of the

‘ seeploverburden groundwater system discharge, but also involved addmonal source(s) of VOC mass .
- loadmg It was therefore determined that the envisioned shallow groundwater extraction and

\treatment system would not reduce m-stream voC concentrauons to the acceptable levels requrred

by the ACO

I Was suspected that the additional VOC mass loading to the Creek was the result of Dense Non- -
| Aqueous Phase quurds (DNAPL) in the Creek sed:ments and/or discharge of contaminated '

groundwater from the bedrock. To evaluate the potentlal presence of DNAPL, andto further deﬁne -
the source and nature of VOC mass loadmg to the Creek, a Focused Remedtal Investigation’ (FRI)

_ was conducted from May 1993 to May 1994. The FRI followed an USEPA-approved Work Plan

whlch was tmplemented under the exrstmg ACO. .

’ The FRI consrsted of both mtruswe and non-mtrusrve data collectron Llrruted quantlues of frce-

phase DNAPL was found in the Creek sediments ad_lacent to the Site and in the bedrock beneath the '
S:te and Creek. The FRI concluded that the overburden and bedrock groundwater ﬂow systems, as

. well as the DNAPL in the Creek sediments, each provide nearly equal percentages of VOC mass
loading to the Creek. Any one of these pathways would provide sufficient VOC concentrations to -

exceed State of Maryland surface water quality standards. Accordingly, for a removal action to

- reduce VOC concentrations in the Creek to target levels, a removal action would have to address the .

: VO,C mass contributed by each pathway.

The Rcmoval Action Plan (RAP), prepared by the PRP Group in August 1995 and presented to the ‘
' 'USEPA and MDE proposed a stream solation concept to address these pathways This concept was
: further developed in the Conceptual Desrgn Report (AGC 1996) which was submitted to USEPA -

and MDE in March 1996. The USEPA approved the Conceptual Design Report in their letter dated

~ May 17, 1’996. The 30% and 75% Desrgn Reports were presented to the USEPA and MDE on .

November 22, 1996 and April 21,1997, respectively. 'I‘h'e 90% Design Report was submitted during

r:\oncsaowno:acrsmmsmm-mrsmmmu}pd.
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August 1997, #ﬁd a detﬁilcd Habitaf Restoration Concept Plan was subinitted on December 4, 1997, \J
Following the Deccmbcr4 1997 meenng, the USEPA issued a letter requ:rmg the Group to halt its '
desx gn efforts while they cvaluated issues relatm 2 tothe effccuveness oftheRA. Afterthe collect:on,

‘of additional data and numerous meetmgs with the USEPA, the Group wajs directed to resume desi en

* . efforts on.in late January, 1998. As a result, the desngn is. bemg completed under a modified

schedule, whxch wxll be dxscussed in Sechon 6 of thls document

]
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3.0 SITE CONDITIONS

3.1 sm_@sgmrm

The Galaxy Spectron Site is shown on the Umted States Geologlc Survey (USGS) Bay Vlew v !

Maryland quadrangle map. The Site property has frontage along 840 feet of Lttt]e Elk Creek (the

Creek) which flows from northwest to southeast as: shown on the Snte Plan. Drawmg 1. A dam .'

crosses the Creek near the upstreatn edge of the Site.’ Below the downstream edge of the dam and
_ 1ts corresponding plunge pool, the Creek is 40 to 60 feet w1de with typlcally less than 1 foot of water
| depth at base flow condmons The Creek bed is hi ghly irre gular consmtmg of boulders infilled with
sand and silt. A foot bndge crosses the Creek at approximately the mid pomt of the Site, prov:dmg

_access between the former production areas and the former facility office on the oppostte stream' ‘
“bank. A bridge (Providence Road) crosses the Creek approxlmatcly 720 feet downstream of the __ |
| dam. The Prowdence Road bridge i is 85 feet long with a center prer The bndge is presently closed ,
) because of structural damage to the center prer and is scheduled for repair dunng the Spring of 1998 :

by Cecil County. A second dam structure crosses the Creek approxlmately 320 feet below
" Providence Road Bndge ' '

32 sugmmm R

~ As part of the pre-design mvestigatmn actlvmes, Tetra Tech Inc. of Chrlst:ana, Delaware,l
_ professlonal land surveyors licensed i in the State of Maryland performed a detailed topographic and

boundary survey and stream channel cross-section survey in early Spnng 1996. The mappmg area

" included the Site, and arcas 650 ft. upstream of the dam and 1500 ft. downstream of the Provndence' :

~Road Bridge. Nattonal map uccuracy precision was 1" = 10’ for p!arurnetncs and half foot contour

_interval (yleldtng ample detall for planimetrics w1th vertical promsxon of a quarter foot contour over
90% of the portions of the Site visible from the au') Tetra Tech Inc performed an addmonal

detalled survey of the creek bed in the vrcuuty of thé proposed RA dunng the Fall of 1997. This

survey information represehts the basis for all of the design drawings The base map and property

boundary survey are shown on the Slte Plan, Drawmg 1

r:mmmmwsm-mrmmm'm .
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As presented on the topogréphie maps, the topography in the v1cuuty of the Creek has been stronély
influenced by development of the Site. A stone and masonry wall typically' 3 to 4 feet high exists .
aleng the edge of the Creek bank between the Site and the Creek. Behind the wall, the site grades

- are relatively uniform. The wall remains intact in some sections, while other sections have fallen

down or have been buried. As shown on the Site Plan, topography near the Creek falls from the base
of the wa]l towards the Creek at'a 15% to 20% slope. Creek bed grades are inegular because of the

* boulders covering the bottom. At the opposite bank grades rise sharply (m some areas nearly

vertlcal) 610 8 feet, to a relatively flat top of bank area.

33 ‘HIDBQLQ_QIQ.SHHNQ |

The Little. Elk Creek is situated within the Pledmont Physnographxc Provmce This province is

typically drained by streams and creeks with narrow valleys and steep slopes The dramage arca of -
Little Elk Creek above and including the Site (the "watershed™) is approx:mately 19.8 square miles.

The length to width ratio of the watershed is apprexima!ely 4:1, indicating that the surface water
runoff drains quickly. | ' -

A hydrologic ¢valuation of the Little Elk Creek was performed to deterrnine;base flows, and the

- maximum peak discharges and behavior of the wgtershed during various‘ﬂooding events. The

determination of peak discharges for various flooding events was necessary in order to calculate

maximum flow velocities, flood elevatlons, and hydraulic forces on the proposed des1gn Peak

' dlscharges were calculated by the followmg three methods:

1. Regression Equations’ presented in the US Geologwal Survey Water-Resources. a

Investigation Report 95-4154 "Techmque for Estimating Magmtude and Frequency of
~ Peak Flows in Maryland". _ o

2. Reductionofthe 1992 Fedcral Emergency Management Agency (FEMA) peak dlscharge
data for Little Elk Creek.

3.  Flood Hydrograph Package U.s. Army Corps of Engmeers Hydrologlc Engmeenng_
Center (HEC-1), September, 1990. ; N

Details cbncerning these c‘alcuiations are included in Appendix A.

FAOFICEAGCPROJECTS\FILES\95227-BREPORTS\0%R\90R rpr. wpd
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~ The folldwing peak discharges are used in the design. These values are pased onthe HEC-1 analysis
and generally represent the hlghest peak dxscha.rge rates calculated in Appendlx A and therefore are
_the most conservative. : '

| Table31

' Flood Frequency - , PeakDischarge-
(rs) -~ . ‘ ~_(cfs)-
2 | 2010
s, | 3,139 ‘
0 - 4,341
5. | sz
50 ~ B 6162
o . | 7459
E ST

B

*  Total Rainfall fora ‘SO'O‘-year storm was not provided in the r'e&rences used .
in the analysis. Therefore the peak discharge calculated from the FEMA'
" data using basin area reduction methods was used for a 500-year s$drm.

Undersfandirig the behavior of stonhWater runoff thfough the watershed is heeessai'y to détermiﬁe
the length of exposure of the proposed stream 1mprovements to peak discharge, high velocmes, :
scour, and sedunent and debris’ transport. The behavwr of a watershed is typically analyzed by .
developmg a dlscherge hydrograph for a glven design storm. Dlscharge hydregraphs for various |
flood frequencies as well as watershed parameters (i.c., time of eoneentration; basin lag time, and

ume to peak discharge) were calculated in conjuncuon thh the peak dxscharge calculations

performed usmg I-IEC-I The following two synthenc hydrograph methods avanlable in HEC- l were T

used to develop a runoff hydrograph fora Type ) 24-hour ramfall dlstnbuuon

1. SCS syﬁmeﬁc Unit Hydrographt- _-
2. Clark Synthetic Unit Hydrograph

FAOFICEAGC\PRO/ECTS\FILESOS227- SREPORTSS0% 00%rp. wpd
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The results of the SCS Synthetic Unit Hydrograph Method are the most conservétive and are used - |
in the design. Figure 3-1 presents a discharge hydrograph for-a 100-year storm for the watershed
Dlscharge hydrographs for the other storm events (i.e., 2-year, 5-year, etc.) would show sum]ar

curves with peak discharges shown in Table 3-1.
A detailed description of the development of discharge hydrographs is provided in App'endixl A.

3.4 HYDRAULIC CONDITIONS

The proposed RA will affect the current hydratlic conditions of the reach of Little Elk Creek
between the two existing dams shown on Drawing 1. In order to -evaluate these effects a hydraulic |
model of existing conditions of Little Elk Creek was developed usmg the U.S. Army Corps of
Engineers Hydrologic Engineering Center River Analysis System (HEC-RAS) Software Package '
Version 1.2, April, 1996. This existing conditions model was then modlfied to predlct the changes
Wthh would be affected by 1mplement1ng the RA. _

Prior to performing the HEC-RAS hydraulic modeling, AGC reviewed the available data used in the
June 16, 1992 Flood Insurance Study for the Town of Elkton, Cecil County Maryland to determine
if a hydraulic model of Little Elk Creek had been developed by FEMA. 'I’he results of this flood
insufance study were based on hydraulic modehng using the U.S. Army Corps of Engineers
ﬁydrologic Engineering Center Water Surface Profilés software (HEC-2 step backwater rnodel), the
predecessor to the HEC-RAS software, - to model the flow in 'Lit'tle Elk Creek. HoWever this
modeling only extended to the northern corporate limits of Elkton, Maryland (approxnrnately 5 rmles' ‘
downstream of the site). Therefore. AGC developed a model of existing conditions using HEC-
RAS software. A comparison of the exlstmg hydraulic conditions to the post RA conditions is .
provided in Section 4.3. The modeling indicates the Site, and the nearby houses off-site lie within' :
the boundary of the existing pre-RA 100 yr. floodplain. Design modifications have been made to
enablc the post-RA modelled conditions to be similar to the pre-RA conditions A detailed
descnptlon of the hydraulic modelmg performed using “the HEC- RAS software is prov1ded as
Appendix B. ‘

F:\OFICEAGC\FROJECI'S\HLES\BSZH-I\R.E?ORTSW*\MM;“ . .
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3.5 GEOLOGIC AND HYDROGEOLOGIC CONDITIONS

The Site is situdted in and élo’né the bottom of the Creek valley, m tbe Piedmont Physiogrephic
Provmce It is underlain by fill material, natural sedlments, and bedrock The fill consists primarily
of ‘sandy soil containing rubble and demolition debris from the old mill which occupled the Srte, and
ranges from 1 to 10 feet in thxckness across the Site. Below the ﬁll matenal alluv1al sedlments‘ |
consisting of brown to black sand to silty sand extend from 3- 10 feet to bedrock The bedrock N
~ beneath the Site is'a metamorphlc gneiss of the James Run Formation. Groundwater commonly:
occurs in. joints and fractures, and in weethered zones near the land surface. The depth to the
bedrock beneath the Site ranges from approximately 8to 19 feet (ERM, 1994). L

Beneath the Site, shallow groundwatér flow in the overburden and fill material is to the. cast-
northeast direction and dlscharges to the Creck. The FRI has shown that groundwater flow in the '
shallow bedrock flows toward the Creek. Groundwater flow within the deeper bedrock system may
bepartofa more reglonal flow system with an undetern‘uned flow drrectlon expected tobe generally ’
eastward (ERM 1994) Subsequent studies conducted by the Group for the Remedial Investi ganon y

mdxcate that groundwater within the affected area of site flows wrthm an intrabasin flow system,

ultimately discharging to Little Elk Creek. Groundwater flow i lt_l ‘the overburden unit of the Site is "
generally to the east/nOrtheast énd.discha'rges to the Little Elk Creek. Horizontal gradients are m the
range of 0.04 to 0.05 fuft. Hydrauhc conductlvmes are hlghest at the central poruon of the Site
ranging up to I x 10 ftlsecond. .

The bedrock ﬂow system discharges to the overburden system and/or to the‘creek based on up\uard
vertical gradlents presented in the FRI (ERM 1994). As dlscussed in the FRI the shallow bedrock
ground water flow (to a depth of approxxmately 50 feet) follows a flow path smular to that of the -
overburden, eventually dl_schargmg to Little Elk Creek. " o

M ARIo0I2L
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_ittoan on-srte treatment system. -

* 40 DESIGN OF CHANNELISOLATIONSYSTEM - .

.  The design concept proposed for the RA incorporates the folloo}ing' elonionts to hydraulically isolate

the I_..ittlc Elk Creok flow from grdundwater dischargb, scdiments, seeps axrd.springs: | )

’

. Anengmccrcd smgle—channcl conﬁgurat:on to conveystream channel flows, which has
" the capablllty of ﬁmctmmng m 8 dual—channcl mode dunng construction and

maintenance;.

Te A stream 1solatlon system to scparatc groundwater dxschargc seeps, spnngs and ;
. sediment from exxsttng creek flow and colloct these dxscharges for subsoqucnt trcatment

e A groundwater treatment system;
e Rostoration of existing in-stream and npanan hgbitlat affected by the RA.

As & necessary first step of the RA, and s directed by the USEPA, the Eastern Mill Race, located

. on the east side of thé'Spcctron Dam,‘is being'stabilizod by the Group to provide stable and

predictable hydraulic conditions st the northemn end of the RA Plans for thls work have becn_
provxdcd fo USEPA and MDE under scparate cover.

V.

Based on tﬁé results of p'rc\'rious inveStigations,’ tlic stream isolation system has been designed to -

- cover approxlmatcly 850 feet of thtle Elk Creek begmmng approxunately 120 fcet downstreamof

the Providence Road Bndge and extending upsu-eam tosa locanon between 50 to 75 feet below the _'
upstream dam. The proposed isolation system will mcludc a geomembrane barner layer that vnll
be protccted bya ga’olon mattress and gabxon walls as shown on the des:gn drawmgs A collection

" systemwill be mstaned beneath the bamcr laycr to mterccpt contaminated groundwater and convey" .

. L B e e
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: Components of the Fmal Des:gn are summanzed on the Destgn Drawxngs and were developed L
considering key design and construcnou issues, the cntena outlmed in the ACO and the ob_;ecttves /.

of the pl‘Ojeo‘t De31gn drawmgs mclude the followmg o
. 'Dr_awinglz. | ' StteP!an v
'+ Duwings2and3: ' SitePréparationBlan - L

. Drawmgs4 B AnchorlCutoff Wall Layout Plan L - .
. -DrawmgsSand6 E ChannelBaseGradmgPlan v .
.+ Drawing7: Longitudinal Anchor Wall P:o_ﬁl_e a S
'« Drawings8,9and10:  Channel Cross-Sections - o
. Drawmg 11: L Collection System Layout Plan - o :
+ " Drawing12: . - GabionMatGradingPlan o
'+ Drawing13: . - GabionWallEletr‘otions ) o
. Dratving 14 and 15: Site Restoration Plan * "
. Drttwings 16, 17 and,ts Stte Restoratxon Detatls o
'+ Drawing1®: - StructuralDetails . - o
. Dratvinﬁ 20: | . Construc_tton Details : L u

Calculattons suppomng the Destgn are moluded in Appendtx A through C. A descnptton of cach 1
desxgn component ts provxded helow ' : :

41 o&smmommmou .

" The Preliminary (30%) Design envisioned a iQé_t'oot wide pre-::‘ast concrete low flow channel to
handle base flows while leaving a highi flow chgonel dry until storm events: During meetings held‘
 prior to the 75% design with representatives from the USEPA, USDOL MDB, and USEPA/BTAG,
the PRP Group was asked to _t-econsider the ptoposed low flow ehannel f_or the followiﬁg reasons '

. -i‘

1. ASWCY representatives  believed that the pre-cast-concrete was too sterile and not hkely -
to be capable of re-establtshmg a benthtc habttat. o ‘ C

T LI
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2, Agency rcprescntatn(cs cxprcsscd a dcsue not to hmlt basc flow to a narrow pomon of n
- the stream bottom (i.e., the proposed pre-cast low ﬂow chsnncl) |

T In rcsponsc, the Intcrmcdmtc (75%) Dcsxgn showed surface watcr isolation and managcmcnt being -
_ accomphshcd utlhzmg dual gab:on—lmcd channcls however. a constructabxhty review dctcrmmcd .
. that thc 75% dcs:gn would be difficult to construct Thcrcforc, thc Prc-ﬁnal (90%) Dc51gn was |

revised to show a pnmary channcl and tcmporary secondary channcl with precast sections covered

‘bya gab:on mat. This was intended to givethe: same  outward appcarancc asthe pnmary channe} and -

would promotc flow across the entire channcl wxdth The 90% Design was pmwdcd to scvcral '

- contractors and fecdback was rcqucsted onthe consuucta’olhty, costand value. Basedon thcxrmput
- the pre-cast channel sccuons wcrc clxmmatcd and the dcsxgn was dcvclopcd to its fina! form

prcscntcd herein. ‘As shown, a temporary (rcmovablc) wall will dmdc thc Little Elk Creek into &

. primary channcl (mcasunng approx:matcly 50 fcct in w:dth) and a sccondary channcl (measuring
about 13 feet in w:dth) during construction and whcn rcpaxrs are rcqu:rcd Both s:dcs of the channel

bottom will be lined and covcred wnth a gabion mat. The sccondary (non-sxtc side) port:on of thc |
channcl will havea full flow capacxty of cbout 100 cfs when the tcmporary dividers are in placc ‘

!

-Foliovwng construcnon, thc entire w1dth of thc crcck wﬂl bc avaxlablc for strcam flow and thc

. A

rcmcdy will function as a smglc chnnncl The proposcd alignmcnt and dctaxls are shown onthe
Design Drawmgs o 5 " |

The construction of the stream isolation system will include the following components:

v Structaral Walls
. Subbasc Gradmg,
. Collcctxon Systcm, :

e Barrier and Protccnchaycrs, sad
e Systcm Anchorage |
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- These componcnts are_descﬁbcd in more detail in the following subsection. -

421 . Structural Walls . o

- :Cast in place con'cr’ete' walls (structural walis) will be constructed along the eastside of Little Elk
Creck (longttudtnal wall) and across the proposed channel lining systetn at the upstream and |
downstream limits of the remedy and at two intermediate locations (cross stream walls). The walls
will provide stabthty and anchorage for the proposed gabton mat channel lmrng, and bamcr layer

components. The types of structural wall are dtscussed below, o L oo

‘ Longl'tudt‘nalwall' ,‘ S " ,'r\‘ B
A cast-in place concrete wall wrll be provrded alOng the eastern stream bank The wall wrll be |
 aligned as shown on the drawmgs, and wrll define the limits of the temporary secondary channel, - '
] 'The top of the longttudmal wall will be ﬂush with the proposed top of the gabton mat and will

- separate the bamer components of the pnmary and secondary channels. The longttudmal wall wrll 3

be destgned to hold steel plates, or polycthylene sheets, that will provrde scparatton between the -
~ primary and secondary channels, when requtred. such: as dunng construction or maintenance, Durtng ‘
normal operation, ﬂow will occur over the width ofboth channcls as dictated by grading. There will 7
be no separation of flow dunng normal operation. - The gabton mats and bamer layers will be
_anchored to the wall and the wall wrll be anchored into bedrock. usmg steel bars (#8 rebar) grouted -

mplace
- 'C_t'o-ssAStreamWalls‘ '-

: Cross stream walls will extend the width ot' the channel, between the site srde stneam bank and the
opposite bank, The upstream and downstream walls will be anchored into bedrock t using rock-
anchors. Both walls will extend four feet below ﬁmshed gradc and w:ll have the underlying |

- wman it el oy ——————

| . sediment and decomposedpressure grouted. “The pressure groutxng beneath the downstream wall ,f T

t is mtended to provrde containment of the potenually eontammated groundwater 'I'he pressure

clr¥7l?”" nn|00|29
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grouting beneath the upstream wa!l wrll minimize the amount ofclean water entenng the collectton LT
system. - ' '

' A debns mterceptor, as presented on the desxgn drawmgs, wtll be srtuated at the upstream wall and

: extend across the creek The debrisi mterceptor is mtended to slow down, and when possible] prevent _
the movement oflarge debris across the lined portrons ofcreek. Because of the dynamtc/hzgh energy

1 envrronment of the creek, the debris mterceptor has been desrgned to shear atits anchor bolts before . -

de-stabthzmg the cross-stream wall

| Ttvoi additional cross channel walls will be constructed at locations between the 'upstream snd |
 downstream cutoff walls for the purpose of dividing the system into separate sections to: provide
stability; s:mphfy construetton, allow the segregation of groundwater collection areas; and i unprove |
performance of the collection system These walls will extend a umform depth of 3 feet below ‘
finished grade and wull be anchored mto the underlymg rock with steel bars (#8 rebars) grouted in- -

L

"__place
422 m&m B

| The extsttng creek bed and banks have hrghly uregular grades with large rubble and debns and

_ therefore are unsuitable in their present state for the placement of geosynthettc bamer layer

| components Drawmgs 4and$ providea representatton ofthe proposed base gradmg for the stream :
isolation system This gradtng was developed to: o _' , . '

e Mnlntnin the existing creek ‘bed topography and bank .slopes and minimize
o ;encroaehrnents mto the existing creek channel which could result in mcreased flood. .

'elevattons, .

- rnnwommmmmrmmxmmm

e * Provide srnooth hydraulie mnsiﬁonS'_elOné the Creck slignment; o o

. Provzde a stable base for support of the lmer and Gabron matfwall and

N N, B .
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o . 'Provide" habjtat divcrsity.- o

. The gradmg shown requires that cumng and ﬁllmg of matenals within the footprmt of the 1solatron -
system be performed Dunng construetxon, the amount of grading will be m:mmrzed to maintain 7

the natural n'regulanty existing in Little Elk Creek (which provrdes adiverse benﬂuc habrtat) Some

' cutunglﬁllmg of creek bed and bank materials willbe necessary. To mrnumze and poss:bly prevent o

~ the dxsposal of excess material and provrde smtablc materials’ for construction of the collectron ‘
system and liner subbase, sediments from structural wall and collection systcm excavanons wrll be

segregated by size and reused. Material between 2 iriches and 3/4 inches wrll be used around the

collecuon system. Matena] < 3/4 mches wrll be used for gradmg the hner subbase, Material > 2

mches wnll be steam cleaned, sorted based on srze, and used i in rhe gabxon mats and for slte
restoranon Durmg constructron, grades wﬂl be aelueved by first removmg exlstmg surface nrbble,

 boulders, and debris, and then performing mdmg of the remammg sediments. If additional
| matenals were requrred, washed grave! meetmg the specrﬁed gradatron requ:rcments wrll be placed .
as tiecessary to smooth out unacceptable uregulantxes 'I'he construction of the Gabion wall along .
~ the Site frontage wrll require the construction. of a 4-foot wide bench. Excess matenal produced '
during the constructron of this 4-foot wide bench wrll be used to grade the slope area between the -

. edge of flow and the bench pnor to liner placement

Con.structron alon g the opposite (non-site) stream bank wrll include both cuttmg and ﬁlhng Excess

uncontarmnated soil from the non-site areas wrll be utrlxzed for minor gradmg and restoration -

acnvxt:es outsrde the lmuts of the channel
423 Collection System

. The collection system wrll collect the isolated ground\r(ater ﬂowing into the affected areas from the

creek sedimenis overburden and"'rmderlying ‘bedro'ck Separation of any DNAPL Which enters the
system will be handled wrthm the sumps, prior to enter,lng the treatment system, as shown on the. ;

-

- Desrgn Drawmgs
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: 'I'he groundwater collectton system will be srtuated within the prepared subbase and beneath the

barrier layer. The collection system will consrst of 6—1nch diameter con'ugated polyethylene pipe
with smooth interior walls and perforatlons The collectton pipe will be placed in a bed of the 3/4-

mch to 2-inch gravel generated dunng subbase grading and excavation for the collecnon system

piping, wrapped ina non-woven geotexttle to provrde separatron and ﬁltratton between the gravel

: and the stream sedrments

The collection system will be divided into three sections with the construction of two midstream’
cross channel 'walls, each operatlng independently ofthe other. The collection pipe will pass through -

each cross channel wall, but flow through the prpe wrll be eontrolled by a valve. During normal

operatton, the valves will be closed so that each sectton waIl operate mdependently of each other.
. However, durmg constructton. the ptlot study, and dunng any significant downttme of the treatment -
N system, the valves will be opened to avoid excessive upward pressure on the liner. The collection -

svstem was drvrded into three sections because the nndstream walls will provide addmonal

;chorage of the bamer layer In the event that a segment of the RAis damaged tlus addmonal |
- :mchorage will help rnamtatn stabrltty until the neeessary repairs are made ‘ -

" Two TOWS of collectron prpe will be placed parallel to the creek alignment as shown on the Desrgn
Dramngs These pipes ‘will be connected to each other by perforated lateral pipes. The collectron

. pipe will be connected to non-perforated pipe which will carry collected water to the sumps Head

v

' o  PAOFICEAGCEROECTIFILESO3227-PAEPORTS SOWSORRIT.HPD _

control wrll be provrded inthe sumps to maintain full flow in the collectton pipes at all timesin order ce

‘1o minimize chermcal and brologrcal foulmg Clean-outs will be provrded at the end of each -
| collecnon pipe (at the upstream, rmd—strearn and downstream cutoﬁ‘ ‘walls) to allow access for
' routme matntenance Each section will convey waterto its own sump Each sump will have apump
and wrll convey collected water directly to the treatrnent system where it will be mixed prior to

treatment As part of O&M practrces, a back up pump will be kept on-site in case & pump should

a break down A valve wrll be placed in each manhole to prevent flow into ‘the sump during -

matntenance Conveyanceptpmgwrllbe srtuatedwrthmanB—mchdtametercorrugatedpolyethylene -

plpe rumnng between the manholes as shown on the desrgn dramng

(
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A 4-mch dlametcr corrugated polyethylene collectlon pxpe wnll be placed along the east creek bank L
- behind the gablon wall and undemeath the gablon mat side slope. The elevanons of the pipe invert u
- will range between 2 to 3 feet above the lowest elevation of the liner within the creck bed directly
adJ acent tothe collectxon pipe. Thls pipe: wﬂl prowde a rehef in the bu:ld up of upward pressure on

* the lmer 1f the treatment system is temporanly not in operatxon Thls pipe will also collect surface
- water runoffas well as groundwater behmd andlor underneath the gabton mavwall, The collected
o water will chscharge into the creck through t.he gablon wall. '

424 ier an ‘e 'v_

 Thebarrier and protecuve layer components w:ll be cxposed to physxcal forces created by weather, L |
~ flow conditions, wildlife, and human factors. 'I'he barrier layer component will prov:de the
" separation between surface water and groundwater flow in the Creek sediments. Success of the RA
is dependent upon the Iong-term operatlon and sumvablhty of the barrier layer, thcrefore makmg
the protective cover a crltncal component. Key i issues consldcred during tlxe design mclude, '

_ velocity resistance; . |
e penneabxhty(alranclhqmd), ST ) o .' e L
« ' abrasion resistance; IR : o
. ‘, ooncture and tear resistance;

. .wcatﬁcrltemperatcre tolelrance;'

e _multi;axial elongation and settlement;

e  chemital compatibility; - - o
. biologlcal dégfzidation;
e wildlife impact; and

. vandahsm o

. 4.2.'.4.1 | Ba_rrlcr Layer‘ -

| lThe primary componcnt of the bamer layer will be a geomembrane A 45 i} scrun remforced
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.polypropylene geomembranctsptoposedforthe follomngreasons EERRTEE . ”\/ .
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it has a low vapor transmlssmn rate (pseudo-permeability), 0.08g/M*/day;

it has lower flexural modulus than 60 mil HDPE which permits it greater elong‘atio'nr to

conform with the exi's‘tin'g_cn-'eam' bed thereby mlmmtzmg gradmg, E

S

it has !ugher puncture res:stance than 60 mil HDPE 50 percent hxgher for standard o
, _puncture (ASTM D-4833}and 400 percent lugher for large scale hydrostatxc puncture ‘
‘(GRI GM-B), 4 . oo 0

F

- it has \tridc-tefnperntltte tolei'ance'(ﬂextble at temperatures gredter,ﬂin_n 40 below 2er0); |

 its tensile strength with scrim reinforcement is equal o 60 mil HDPE;

it has lower e;tpansion and contraction rates (less than 15 percent of HDPE or LLDPE);\ _:

- and

AY

Polypropylene isa member of the polyoleﬁn famlly (as is HDPE) and i 1s reslstant to

3 ehlonnated and non-chlonnated compounds at the coneentratlons observed inthe ereek.

J

In addition to the geomembxj_ane,the design epeeiﬁee thata compoéite' geosynthetic clay ltner (GCL) '_
be placed as a s’econdary bnn-ier‘ layer. The composite member of the GCL is & flexible plastic
membrane liner bonded to the non-woven sideofa conventional GCL. In this dBSlgn, the composite

. GCL will be sxtuated bencath the geomembrane, and the membrane side will be placed face down N
- onthe bamerlayer subbase. The eomposlte GCLis intended to prowde addmonal protection agaznst :

puncture and leakage. The membrane on the GCL is intended to prevent hydranon of the GCL |

4242

' dunng mstallatlon |

Protective Cover

rurmumommmtmommmm

During the "d_eSign proeeecf_Aqu_ eonsxdered the foﬂowin# protec'ti\(e cover systems:

B e i



Gabion mats

1.
2 Concrete
3. Groutfilld blankets
4 Stone filled geocells -
- 'Riprapr'ouldere |

- Based on our analysss of the vanous matenals and requxred perfonnance cntena, it was determined

that the most rehable and dnrable proteetlon of the barner layer will be provlded bya Gabxon mat

separated from the geomembrane bya geocushxon/geotexnle layer The use of gab:ons and related
_ materials will enable the necessary habltat restoration to ocour both within the stream and in the

. adjacent transition zone between the stream and the npanan corridor while provxdmg the liner -
_ protecnon which is essential o long term performance. The geocuslnon (32 oz/sy geotexnle) and )

geotextile (16 oz/sy) wrll provxde proteenon agamst abrasion and puncture C
| Th_e other proteetive covers were elirr:'irla!_ted for the l’o_llo“fin‘g reasons:

, Concrete was climinated due to cost, difficulties in repairing the underlying liner syétem,
resistehce to siltaﬁon, aﬁpearanee; and the "ihability to res,tore-ha_bitat within the creek.

/J’

.. Gro_ut l‘xlled blankets were eliminated due to dxfﬁculues mrepalnng the urldetlying liner

.system, resistance to siltation, and the inability to restore hal:ila’t within the creek.

'  - Articulated co_ncrete blocks were elumnated due to cost, ‘conu'aen‘bility. thiokness‘

| recjuirerrxenis, the presence ofvoidg end the inabilitytorestore habitatvdthil_ithecreek.

. Stone ﬁlled geocells were ehmmated dne to stabﬂ:ty problems and dxfﬁeulnes in -

7 achxevmg deslgn velocities thhout groutmg

. Rrprap boulder eovenng was elzmmated becao.se of the excess:ve tlnckness that would |
be requ:red and potenual for shxﬁmg that would expose and/or damage t‘ne

e iy
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geomembrane Thts was conﬁrmed by d:scussxons with the ecologlcallrestoranon
; , experts Addtttonal thlckness would also ratse post RA ﬂood elevattons

i
Y

~ Long-term survwabxltty of Gabton mats is very gcod when properly tnstalled and Gabions are
o conducive to stltauon and renaturahzatlon of the stream bed. They provide an excellent substrate
for the restoratton of habitat, whtch will be further enhanced by backfilling with sand and silt as

o requlred by the restoration plans. Mamtenance is easier than with most other protective layers |

(eSpectally concrete channel ltmngs or grout ﬁllcd blankets) because Gablons can be removed and
.' replaced in secttons without compromising the entire system. Additional protectton canbe prov1dcd R
by groutmg of the Gabion basket in potent1a1 hxgh-scour zones. - Protection agamst exposure of the ,

o underlymg barrier layer caused by shtﬁxng or movement of the protectlve stone is provided by the

Gabion basket ‘while the armor-like layer of stone protects against puncture htgh flow velocmes, o |

- scour, abrasxon, vandahsm, and burrowmg vn}dhfe
425  System Anchorsge

The bamer and protectlve layers w:ll be contmually exposed to hydrauhc forces of Varymg
' magmtudes Severe stream flood events may carry, large debris such as boulders and tree lxmbs that
may encounter the system, exertmg potenually damagmg forces onthe system components Inorder
to prevent movement of the protcctwe cover;, which may-cause sbrasxons punctures, tears, and
elongatlon ot‘ thebarnerlayer, both the barrier andprotectwe systems wrllbe conttnuously anchored c

around the penmeter as described below:

. The barrier and protectxve layers vnll be battened to the concrete structural walls which
" ' wilibe anchored to the underlymg bedmck A contmuous stnp of geomembrane willbe

| 'cast into the structural walls and extended across the batten strip. The geomembrane .
- stripwill b_e welded to the barn_er layer to provide redundant protectton agax_nst leakage. .

«  Onthe Site side, the barrier and protective systems will be confined under the weight of

~ the Gabion wall. The barrier layer will extend behind the wall to a horizontal anchor

TSI @ ARI00I36



« On the non-site snde, the barrier layer will be terminated s shown on the desxgn drawmgs :
conﬁned by the wexght of the overlymg gablon mats and/or walls

"o ' Inadditioh to the anehorage at the upstream and downstream cutoff walls two mtenor
' cross-walls will be constructed across the creek. The protecnve cover and bamer layer |
wxll also be anchored at these loca'oons These interior cross—walls will be stmeturally

txed to bedrock usmg rock anchors

43 gnm' S TOEXISTING m&mm CONDITIONS -

| 4.3-.1 Introduction

The proposed Removal Actxon unposed 2 vanety of desxgn restrmnts that requzred close attention

during preparation of the design and a clear understandmg of how'the’ changes in one hydraulic |

3 ‘conditions would dictate a change in another. While the desxgn reqmred the stream bed elevanon -
~ tobe mcreased by about one foot, addmonal desxgn restramts were as follows '

. Mlmnuze, and to the extent pracncable, prevent an increase in the 100 year and 500 year '
flood elevatlons - -

i
/

o Select a cover for the proposed barner layer that w:ll tolerate the dynamxc strtam -
~ conditions and protect it from natural and manmade forces, while mmumzmg thxckness

of the cover

e " Provide a postremoval action stream bed that p'rovides' d'iverseﬂowooodi'tions and _
o generally mimics the existing irregularity/flow regimes of the stream bed.

W

" = Provide base flow stream irelocities and depths that are condusive to the migrationof

" fish and re-¢stablishment of a benthic habitat; T

. e-estabhsh habitat thhm and along the stream meludmg the npanan aveas,

-ta

- K mmwmmmmmm m
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In generol, these restfaint's reptesent conflicting goals. For e:_;éinhle.‘ ‘providing the necessary o
protective cover for the barrier layer will result in reduction of the stream channels cross-sectional

o .' area thet'must reSult m an ihcrease in ﬁood leirels and/or an increase ih'irelociﬁes.. The desigrxr as
'pr_esente_d,- balances each of the restraints list_ec_l gbove and provides the f‘followin‘g: o

e ‘100 end 500 year flood ie\relé are ‘approximately equal to their éurrent levels, witha
slight decrease in flood level at the residential properties anda shght merease in the flood
elevanons du'eotly upstream of Provxdence Road Bndge

o Bose'ﬂo'w i)elocities' will experience a slight increase over eXistiiig conditions wnlnn B
hmrted seenons of the creek, altbough in genera.l the i increase in base flow velocmes'_
from exlstmg to proposed eondmons wﬂlbeless than 0.3 feet per second. The maxrmum ,
~ increase wrll be less than 0. 75 feet per second. Based on & review of the data by the
- ecologrcal desxgn team members, the predrcted increases will not xmpaet the nngratxon :
o - *of fish. Addmonally. the stream”. s physical features are bemg repheated to provrde a
o L post-RA habxtat consrstent with the pre-RA habxtat value. '

o In general, httle or no gradmg will be reqmred thhm the ereek however, thhm a
‘_lxrmted area in the vicinity of the Providence Road Bndge, minor regradmg will be
- necessary to prevent a restnet:on of flow heneath the bridge.

e TImpactto ﬂood levels W 111 be rnunnuzed through the removal ofthe existmg foot bndge, :
the former ofﬁce building on the east sxde of the creek, and. several small site structures, .
This i unprove§ over bank flow conditions and decreases flood plam elevations.
. Acomplete discussion ofthe evaluationsfmod_eling performed aspartof the desrgn process followé:

i
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. Changes to the exxstmg hydrauhe condmons of L:ttle Elk Creek due to the nnplementatxon of the o
RA were evaluated by companng water surface elevatlons, depths of ﬂow, and ﬂowvelocmes usmg o

- the HEC-RAS computer software.

The reach of Little Elk Creek which will contzin the propeSed gabioh{lined channel and associated
ﬁstored habitatis defined at its upstream and IdoWnsn'eam limits by dams. The 'signiﬁcahce of these
dams is that the flow within the reach will be dictated by "upstream control" and any chahges in
y hydraulic eendiiions as a result of the RA may only be reahzed within therelatively short feach |
between these two dams. The I-IBC-RAS analysss mdxeates the following regarding changes in: |
“water surface elevations, depth of flow, and velocities resnltmg from the construction of the RA. _
_ Appendu: B providesa detailed discussion of the hydrauhe modehng and comparison for cach ﬂow' .

condmon.
‘-.4;3.3 Watefﬁuigce'g leveg'ogsl_D' gp;h' .Q‘Iﬂgﬂ- S B T \)

The change mwatersurface elevanons forbase flow and the 2- 5- lO- 25-, 50— 100-, andSOO-year :

storm events is d:scussed below. . o : : : : T
Base Flow Depth and E!eva_tion_s' :

A primary concern expressed dunng preparanon of the deslg: was the depth of flow dunng base
flow condmons following 1mp1ementauon of the RA. As detailed i m the analysxs contained in
Appendix B, zmmmum base flow water depths are pred:cted to be approximately equal to their
current depths (0.23 feet versus 0,19 fest). Modeling has shown that the average water depth will
decrease by aj:proxiniately 0.7 feet,' although the actual decrease will be less because the model can
not provnde the detall that will be mtroduced hecause of the habltat restoratmn and add:tlon of

[P e—— i p—— — e e — e et —e 8 o e B
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,'Frequéncy',stoi-ins Flow Dcpth and Elomtion

Lol

Thc prcdlctcd water surface clcvatlon is as much as l 3 fcct lughcr. attnbuted pnmanly to the 1 0

fcct thick gablon mattress. Modclmg has shown that the clcvanons of base flow will not change |
down strcam of the Provxdcnce Rcad bridge. . Thc prcdlctcd limits of basc flow are p!ottcd on

Drawmg 12

The HEC- modclmg of thc frcqucncy storm events (2- S-, 10- 50-, 100- and 500- year storms)
has shown that, although water sm-facc elevations wﬂl increase at some cross-scctlons and deerease

an after constructxon of the RA rcmcdy Consldcnng the 100 year storm cvcnt, the maximum .
prcdnctcd increasein ﬂood elevations was approxm:atcly 9inches. Thc maximum increase occurred

: at others, the maxjmum prcdxctcd water surface elcvatxons will bc approxxmatcly the same bcforc R

d:rcctly upstrcam of Provzdcnce Road bridge and qu:ckly rcturncd to thc existing levels within 350 _' g

feet upstrcam The difference in the ﬂood elevationsi is zero in the vicinity of thc nearby rcsxdcncc .

A plot ofthe prc-and postRA1L Wyw flood clcvauons is shown on Dramngs L As shown, thc 100

.ycar water surfa_cc cl_cvatlon is cqual to or. shghtly lower than existing condmons

'- 4.3.4 Elow ! 'g. lgg. in’cs |

Although some decrcasc in vcloclty at 2 fcw locations wxll result, gcncra!ly, the avcragc ﬂow

velocity will i mcrcasc wn!un the Crcok ovcr the lcngth of theRA. 'I'hxs is because the gabion-lined - .

channel will be somewhat more smoothcr in companson to the cx:stmg strcam bcd, with generally

" amore hydraul:cal!y efficlcnt channcl Largcr mcrcases in velocity will be cxpcncnccd wuhm the
- higher stream ﬂows Changcs in vcloclty dunng basc flow and dunng thc ﬁ'cquency storms is

dxscussed bclow

) Vcio_city of Bss:c Flow

)

. r\oﬂcuoormms\m.mmfmons\mmnm

" Based on the HEC-R.AS analysxs, cxxsnng basc ﬂow vclocmcs thhm the lmnt of tbc proposed RA -

range from 0.21 ft/scc to 2 2 fi/sec and avcragc about 0.8 ﬂ!scc Flow vclocmes within the same

7, reach followmg thc constructlon of thc RA are echctcd to rangc ﬁ'om 0 33 ftlscc to 2 95 fUsecand
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average about 1.1 ﬁ!see Therefore, the impletrtentation of the RA wxll only increase the average
base flow veloctty about 0.3 ﬁ/sec However, post-RA habitat restoratlon plans include low veloctty, _

moderate depth areas to facilitate fish passage and re-estabhsh pre-RA habxtat eondmons
'_ . 'Yelocity of ll‘requeney ‘Storms

i The average velocity for existing eondmons forthe frequenoy storms was calculated to be about 1.6

- fi/sec. The average flow veloerty followmg the nnplementatxon ofhe RA is expeeted to be about
8.7 ﬂ/sec Therefore, the unplementatton of the RA wﬂl morease the average velocrty in the stream -

E dunng lugher flows by about 1. 1 ﬁ/sec

_' '4.3.-scmgsigns

AGC offers the folIowmg conclusxons regardmg the impact of changes to water surface elevauons, B

| depths of ﬂow, and velocttres on this reach of Ltttle Elk Creek:

. 'rhe bartks of the main channel and overbank ares within this reach of Little ElkCreek
are currently very steep.’ Because the water surface elevattons wﬁl be generally -
. unehanged following the construction of the RA, with the steep banks the lateral extent '

‘of flooding due to various events will remain essenttally the same. =

o

. The gabton-lmed channel will cause a shght increase in ﬂow velocrttes However, the
_ﬂow veloettres qmckly return to those of existing 1 oondmons unmedxately downstream |

ofthegabronmat o '_ . S ' ,

o - The post RA ﬂow depths will generally be shghtly lower during all modeled storm
events Habttat restoranon will estabhsh vanable ﬂow depths and velocmes

" Theanalysis provided above does not ﬁmY account for the diverse ﬂow eondmons diring base flow

| w:thm the post RA creck which will be provxded for by the post RA habitat restoration plan. The

- HEC- RAS modellmg was oonducted assuming a roughness eoemcxent whrch accounts for the

r mommmm -

"f

ARIOOIM

i wee m—w w B gL e —



roughness of the gabron hmng thle not fully accountmg for the full extent ofthe m-stream habitat

o 'restoratron features. It will not be possible to fuliy evaluate the 1mpact on m-strearn base fiow

velocntres and base ﬂow depth until the restoratron features have been estabhshed However,

: throughout the design process, the design has been modified to result m post RA base flow

condmons whrch are as close as techmcally feasrble to pre-R.A hydraulic conditrons )

“4.4_ ” . . S ,

* During performance ofthe 75% desrgn, the Group performed an ecological dssessment of the Little E
- Elk Creek in the \ncuuty of the proposed RA 'Ihe purpose of the ecological assessment wasto
provide 2 basis for the evaluanon of pre-RA ecological condrtions and to use the’ evaluation to
'prowde post-RA stream and npanan habitat consrstent with the pre-RA conditions. The draft -
, ecologlcal assessment was submitted to the USEPA, USDOI ‘and USFWS in Apnl 1997 and

mcluded an evaluation of existing habitat condmons andvalue, The mmal report has been modified .

to mclude additiona! data and to respond to comments reoerved dunng revrew of the RA desrgn 'I'he

report and supportmg mformauon are presented in Appendix G to this report. .

‘The ”POI‘! Presented two :mportant pxeces ofmformatzon which will assist in the restoranon efforts
_ dunng 1mplementatton of the RA ! ‘ ,

1) A ranking of current in-stream habitat value using the USBPA'Rapid_ .

. 'Bioassessmentend Maryland Biologic Stream Survey protocols; and, - - .
2) “ A ranking of the suitability of the riparian habitat: for five species in the area -
. adjacent to the stream. An addmonal species (rmnk) was evaluated at the request
~ ofthe USEPA/BTAG andismcluded o

The evaluat:on also eontarned a review of earlter verswns of the proposed Removal Actlon and

B 'ranked the value of the post R Removal Actlon habxtat The current report eontams B ranlnng of the' -

© . FORCEAGOPROECTS\FILESWS23T.PREPORTSSUKOARIT.WID

" 100% desrgn habrtat and wﬂl serve asa gmde dunng restorauon actmtxes
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The results of the study show that the current tn-stream habttat in the unmedlate v1c1n1ty of the slte -
is generally highest m'xmed:ately below the downstream dam and lowest above the upstream dam |

~ The three sectrons evaluated within the length of the Removal Actron (. e between the two dams) L

represented a transition zone wtth the m—stream habttat value ranked as mtennedxate between the

upstream and downstream secuons

! ¢

The bentluc and npanan habttat in the vicinity of the site has been strongly influenced by land use
" both upstream (agricultural) and at the site. A stone and masonry wall 3 to 4 feet in height and

completely backfilled extends along the western edge of the Creek bank Topography inthe Creck

. falls from the base of the wall towards the Creek ata flat to rnedmm slope. Atthe opposrte bank,
grades rise sharply 6to8 feet. toa faxrly ﬂat top of bank area. In addztton, the site seetton is :
bounded by both an upstream and downstream dam. "The upstream dam (a 9 ft. hxgh eoncrete ]

| masonry strueture circa 1832) would have si gmﬁeantly altered the pre-dam stream con.ﬁguratton.

" The 1dennﬁed sections of the stream are therefore expected to have varymg habitat classtﬁcattons .

| due to these extenswe l'ustone alteratxon. N ISP o

{ .

The evaluatron of the predlcted post RA condtttons contatned 1n the 75% deslgn stage showed that o

' the value of the in-stream habitat with only the proposed gabion mat would be less than the pre-RA
_ conditions until the stream re-naturalxzanon pccurs, To improve the sconng inas short a time frame
 .as feasible, several recommendanons were made relattve to stream restoratron meludmg

. reprodueing the diversity of stream ﬂowfto_ include riffle, 'pool and run arezs;

e reestablishing the riparian_ habitat to inerease diversity _and quality‘ ot_‘ the,'plan_ts; md

. . s . . i
e  minimize e the physxcal barrters between the m-stream and npanan habttat created by the
final condtttons '

The 100% desrgn mcorporates these reeommended desrgn 1mprovements to address ecological

| habttat concerns and presents detatled restoratton plans and spectﬁcattons for the m-stream and o
_ npanan areas. The Restoranon Plan presents zones that wﬂl be replanted aﬁer eompletton of the-,

.-29 \ R =R
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B

‘Rernoval Actlon, 8 table presentmg the proposed speelcs to- be replanted is provrded in the, :

) spectﬁcattons

. Comments received from the USEPA/BTAG regardmg the detailed conceptual rcstoratton planwere |

R mcorporated mto the ﬁnal restoratton desrgn plans

Because of the nature of the corxtaminauts present in the sediments and groundvvater beneath the
g portrons of Ltttle Elk Creek proposed for remedratron, voc vapor emrssrons may mcrease when

surface water is removed from the work areas and when intrusive activities such a$ trenching are

' _perforrned In an attempt to predict the impact from the proposed work actwtttes AGC evaluated :

| _ -thc potentxal for atmosphenc VOCIvapor ermssrons dunng constructron

2 The evaluatron of possxble atmosphenc VOC concentratrons dunng the RA was perfonncd usmg

mformat:on contatned in the Removal Actxon Dcstgn and measurcd contammant eoncentratxons from L

) the pre-desrgn rnvesttgatron and prevxous samplrng at the site. Results of the study arc in & report :

- titled Removal Actron Evaluanon of Potenttal AtanSphenc vVOoC Releases Dunng Constructron,

' -wluch is attached as Appendix D. The purpose of the report is to evaluate potentral m-stream :
breathmg-zone VOC emissions dunng construction snd arn‘otent air condmons inthe v:ctmty ofthe -

stream which may exist dunng constructton ofthe RA.

- Based on the report the constructlon area breathtng zone concentrattons are not predrctcd to exceed .
the 8-Hour Threshold Limit Value-Ttme Wexghtcd Average (TLV-TWA) values for any ofthe '

. contammants consxdercd However, since concentrattons ofV OC’s in the work zone may. at ttmes,

approach or exceed IDLH (immediately dangerous to hfe or health) levels for short penods the R

| Contractor will be reqmred to momtor voC concentratrons throughout penods when the stream bed
1s dewatered and/or mtrustve activities, such as gradmg a.nd trench excavatron, are being performed

_ When concentrations are observed to exceed allowable limits speclﬁed in'the Contractor's Health
o and Safety Plan, workers shall be requued to use appropnate personal protectron eqmpment

 FAOFICEAGCWPROMECTEFILESHS22 7 A REPORTROOXWORRPT.WPD
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-_ An evaluatlon of potential ambncnt air concentratlons was perforrned to predxct VOC concentratlons
in the air at Iocatlons near the stream where construcuon of the isolation systcm isto take place. The
purpose of tlus evaluation wasto predict the maxunum antrcrpated concentrations of V OCs exp ected
-~ during construcnon in areas adj acent to work zones where exposure could occur. Based on a
companson of cstrmated ambient air concentranons to the health benchmarks as prescnted in the
report (Appendix D), it was determined that the maxunum predacted concentratlons for mcthylene
. chloride and PCE would exceed the ambrcnt a1r Risk Based Concentration (RBC) values provrdcd
| | by the benchmark The RBC values are based on a 30-year exposure period and should be adjusted
to accourit for the shorter exposure pcnod dunng construction, estitnated to be on the order of three

to six months The Contractor shall develop, as part of their Work Plan, a contmgency plan .

_(mclud:ng such measures asthe use of foam) for addressing potennally hlgh voC concentranons
| at nearby res:dcnts The Contractor’s plan shall also include real txme rnomtormg of VOC ambient

air ooncentranons The plan wxll also mclude aset of VOC concentratron cntena and action levels .

whrch will be used to tngger mmgatxng measures :

Based on prevrous dlscussmns thh the USBPA, and in accordance with provrs;ons of

'CERCLA/SARA, itisnot anticipated that any formal Federal. State or Local pcrxmt apphcatrons wrll ‘

 be reqmred fortheRA work, however, where possrble. the work will need to comply with the intent

" of the apphcable permits. ‘The EPA has prepared a table of Applicable and/or Relevant and

Appropnatc chmremcnts (A.'RAR) for the Removal Acnon. Upon review of the ARARs some of
the issues rclatmg to pernuttmg requxremcnts may change “The Group is evaluatlng penmttmg and
~ ARARsasthe ARARS are made ava.llable, and wzll mcorporate tl:us mformanon into RA—pIannmg

~ AGC met thh the Cccll County Govemmcnt (1 e  Office of Planmng and Zomng, Public Works,

Soil Conservatron, and Health Dcpamnent) on August 14, 1996 to introduce the proposed RA and
discuss permitting 1ssues Based on this mcetmg and discussions with MDE itis undcrstood that
| "the provrsnons of the followmg perrmts apply to th13 pro;ect. |

1 ’h-\

. Abmldmgpenmt(PlannmgandZomng) B
. Abndge encroachment permit (Pnbhc Works), '

:rnnmmcmmmmommmm (R S ' S
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L | .. _ Submtssnon of a Gradmg Plan and an Erosmn and Sedxrnent Control Plan mcludmg & '“
: descnptxon of the prOposed sequenee of constructton to Soil Conservatlon fora gradmg !
| and earthworks penmt ' '
. | Non-ttdal wetlands permlt (Soil Conservatlon).
. NPDES(MDE),and L
BET Au’ (MDE). '

‘ A‘Gé anticipates that & roadway access or occupancy’permit may also be required.

i In preparing to imnleme'nt: the East Mill Race stabilization project, ;' AGC. submitted a permit j
~ application to the Central Regtonal Chicf of Non-ndal Wetlands and Waterways DIVISIOD of MDE.
- Although not requestmg a permit, the mformanon was provxded to the MDE for revxew The MDE

d:scussed the project wrth USEPA &nd responded fonnally in then- Jetter dated February 2, 1998, o

which is contained in Appendix H. "

g Based on our past pro_]eet expenence, regu!atory review and comment relatlve to non-ttdal wet]and '

issues and the acceptance of an Erosion and Sedunent Control Plan may prove to be critical tasks .

in terms of requlrements and scheduling. The Non-tidal wetland reqmrements typxcally include

erosion and sediment control i issues and i is admxmstered as a dual state and federa] program which, -
to our understandmg, is adrmmstered through the Cecil County Soﬂ Conservation Semces andlor' '

*. the State Permit Center. Since the work area in the stream is greater than 5,000 square feet

restrictions at the County and State level, will apply Therefore, the 100% Desxgn will be dxstributed
to the to the Cecil County Department of Public Works Maryland Department of the Envxronment .

o | (MDE), Maryland Department of Natural Resources (DNR),and Ftsh and Wlldhfe Servxoe

* The Erosion and Sedlment Control Plan and Non-Tldal Wetlands Permxt equtvalence review

appl:canon and local penmt eqtnvalency rev1eww1]lbe subm:tted bythe Contractor following award '

_ of the RA contract. N'PDES a.nd air pern:ut apphcatxons W111 be subnntted as part of the treatment N

‘ system pﬂotmg and des:gn

' N
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Bypass channels were commonly hsed to divert upstream flow amund dams to exther hydrauhcally o

o drive equlprnent gcnerate cnergy and/or toprovxde proccss water for manufactunng, Remnants of
a former mill race around the eastem pomon of the upstream dam (Spectron Dam) are very -

o 'promment. Poruons of the stone/masonry walls of tl-us former mill race are mtact, whxle other

o pottions have been dislodged by ice during the wmter of 1996 and were washed forward during
subsequent ﬂoodmg Concurrent with the prcparauon of this ﬁnal design, stablhzatlon ofthe Eastern
MillRaceis bemg pcrformcd The stablhzatxon actlvmes are intended to prevent further degradanon o
of the mill race and posslble neganve mpact on the f\mctmn of the RA as currently des1gned The
plans for the Eastcrn Mill Race stabilization wcre included iri the 90% Design, and have since been :
finalized and dxstnbuted to the USEPA, MDE and USDOI for their rccords. The USEPA, in their .
Ietter dated February §, 1998 (mcluderl in Appcndix H), du-ected the Group to proceed with the |
. stablllzatlon work mmedxately ' - ' - - : '
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5.1 TREATMENT CONCEPT
‘Once the stream isolatlon system isin place. water which_'woruld normally discharge to the creek from :

overburden, 'seeps; bedrock and through _stream sediments will be captured by the collection system

beneath'the liner. ‘This water will flow under gravity to a ‘series of collection sumps. Once the

- treatment system 1s operattonal contannnated groundwater will be dehvered to the system frorn the

sumps, via pumptng Itis estimated that the collectton system will contmuously deltver approxtmately _
'25 gallons per minute to the treatment system This sectton of the report descnbes the treatment
. system as currently envrsroned and the process whtch wrll be used to complete the dcstgn of the

. system.

N An extensive amount of groundwater quahty mforrnatlon has been collected at the stte to date The

, majonty of the information was collected to assess VOC concentrattons m groundwater and the

' j‘surface water qualtty of Little Elk Creek. During the Pre-Design lnvestrgauon, AGC collected_ o

‘groundwater, piezometer and surface water samﬂ_es to supplement carlier data and also to analyzed
select lsamples for inorganic and gener"al.' wet chemistry 'parame'ters to. identify compounds or
' consutuents that could foul or otherwrse mterfere w1th the proposed groundwater treatment system.
Data used to predict mfluent concentrations 1ncluded shallow bedrock and overburden well data, as
- well as data from seeps located along the stte-Stde stream bank, data from in- stream preZometers and
© data frorn geoprobe water samples collected from the overburden During pre-desrgn data analysrs, :
the seeps were consrdcred an’ expressron of overburden groundwater All momtormg well data is

- represcntatrve of verucally—onented wells, whrch may not accuratelyrepresent influent concentrattons ‘

from the honzontally-onented collection system that will underlre the stream 1solat10n system.. ‘AGC

- evaluated mﬂuent concentrations as an approxtmauon of expected concentrations and as a starting
o point for screenmg treatment technologres Smce the RA collectton system will collect a mixture of
contaminants from 3 sources (overburden. bedrock and sedlrnent), the proport:ons of contaminants
from cach source and the resultant concentrauons cannot be accurately predtcted prior to
constructmg the collcctron system The mfluent Desrgn Basrs will be further refmed during the prlot '
I Emmm.mmwﬁd g 34 . S
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- testing proposed in this plan. Table 5-1 preseuts a sumxtxary of VOC data collected during the pre- '

design investigation and estimated combined groundwater concentrations.

o To predxct the flux to the creek, VOC data was spaually dmded into three sections Wthh correspond .

©+ tothe segments of the stream isolation system The VOC mass flux (in mg/sec) was calculated for

' each_ segment and divided by the total expected influent flow (in l/sec). This produced an average
concentration for each of the stream isolation segments, by contamjnaht. ‘Based on these inputs, a

flow-wei ghted auerage ‘was calculated for the combined contribution from the three stream isolation’

segments Using the est1mated hlgh end of the voc range enabled an initial screemng of pnmary .

- treatment technologtes whxch may be used as the basxs for further evaluauon once actual system o |

. samples have been collected. Conducting this prelmunary screening w1ll enable the pllot testing
design to be conducted in a reasonable time frame. Some SVOCs have been detected at the stte. _‘ _
‘ however. not enough data is ava:lable to accurately predlct svoc mass fluxes N o
| ~ Thereis far lessi morgamc and general wet chenustry data than VOC data. 'Iherefore, amore smple
averagmg routine was used to pred:ct mﬂuent concentratlons for these parameters. Inorganic and
general chemlstry mass fluxes were not calculated Since available i morgamc and general chemlstry
data was limited, the concentratlons across a gwen isolation segment were usedto prov1de the most
- probable average concentration range, a best estimate and worst case scenano for each parametet

The results of this ana]ys:s are prov:ded on Table 5-2

~
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* SELECTED VOC RESULTS -

" 0B-2

- OB-6

[Zone 0B-2 OB4 | OBS | 0B5 | OBS | OB6 | OB 0B6 | OB-7 | Combined
Sample Location B-S | B-SA | RD:7 | MW-11 | MW-11 | RDGP-22 | RAW-1 | RAW-2 | RDGP-17 | RDGP-41 | RD-17 | Groundwater
Description OB well] OB well| Sun Pz] OB well| OB well|] Geoprobe| Sb. BR] Sh. BR| Geoprobe| Geoprobe| Stm Pz ‘
{ome 1 "ww| o] eso]  peb|  weo]  weo|  eeo].  eeo|  .eeb|  eeb|  ped pob]
Methylene chloride - .| 170000 o ) : 62000
[Chloroethane 1000  380] 3800 130 3 12 .
1,1,1-Trichloroethane $700| 13000] S5000]  3200[ . 4500] . 1300 350 480 3000]  41000] 430 29000
1123 620 2000 a1f . — . 10
- [1,1-dichioroethane 3100 3700] 20000 a00[ 1600 "380 19 6! 1160] . 11000 14
1,2-dichloroethane 830] _ -800| 15000 . w6 17 33
1,1-dichlorcethylene _ — 34 T 64 G , _
[cis 1,2-dichloroethylene | 17000] 20000] 33000] . 2500 . 1400] 510 180 320 2200]  3%000] - 130 "70000]
tran 1,2- ' 1 ‘ 68 14 '
[Chiorobenzene 8100 320 57 0 B
[Ethylbenzene s3] 600) 2600 o 200 95 53 4300 <
 |m-xylene {incl p-) 920 1200 3500 470 280] 340 \ © 120 14000 |
Irayiens _ — ‘ ‘ :
:—xylene‘ 260 32001 1100y | 250 1104 150 . 5 4200
Tetrachloroethylene 700]  830) 3900 79 76 63 a1 70 33 12000 %6 5
"Trichloroethylene 600|  800) . 920 82 360 ) 78] 110 310 ] 9000
" " |Benzene 1106 : _ 1.
Toluene . 3000]  3600] - 9100 70| 340 270 9| 36000] 2000
Acetone . ‘ ‘ : 1100
Vinyl chloride 4200{ 3600 90| 760 390 420 7200§ -
1,2-dichiorobenzene 450 390 30| 25000]
1,4-dichlorobenzene } 3300
Chloroform 810
2-butanene
~ f
¥
: )
F:\oﬁcnmomcrswm\ssmmmmmm L ‘
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; . Table5-2 '
“« Eshmated Inﬂuent Concentrations to Treatment Systern

PARAMETER T AVE RANGE Em WORST CASE B

1240-1 5000

3500

42200

730000 o
1400000 :
. ~ 680000 .
_ 7 o
. 340000 .
_ 41000 '
- 3607
16000 .

1. All results are expressed in ug/l except as noted.
. 7 indicates data is limited, therefore, conﬁdence is low,

Vendreq2.xls -

RSENIC 8-23 20 233 -
» IIBARIUM B '~ 84-378 310 544
[[CADMIUM . 56-100 568 - 1800007
[[CALCIUM 130000-150000 | 140000 281000
[[CHROMIUM " 13-85 : 25 158
COPPER - - 50-200 30 527
IRON 54000-85000 - /60000 491000
LEAD 5-230. T 20 634
MAGNESIUM ~ 7200-18000 .15000 25900
~ [MANGANESE ~ 1650-8050 . 3500 14800
[[MERCURY ,25+1.5 1 1.5
| ICKEL - 14-40 30 219
[POTASSIUM 5240-18500 15000 33600
{{SODIUM - 31000-55600 40000 82800
9-99 507 98.97
280-700. - 400 1950
47500-207500 180000 230000
5135-13050 5500 27000
37500-235000 445000
-292000-307500 250000
-230000-402500 | - 280000
- 23 . 25
160000-290000 | - 185000
2800-9000 - 4000 -
180 . - 1807
- 1200-16000 2800
5484 8
145-210 155 660 '
~16000-24000 18000 | 38000 |- .
14000-38500 20000 - 47000 o
1600-2300 2000 -7000. H
. - 1000-2000 1500 2000
OTAL DISSOLVED SOLIDS 350000-1270000 600000 - 2100000 |
[TOTAL ORGANIC CARBON 13300-220500° 100000 790000 |
OTAL SUSPENDED SOLIDS 178000-1005000 500000 . 1400000
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521 Vapor- Phase Discharge Cits

'I’he vapor-phase effluent from the groundwater treatment system must meet the requrrements set

| ‘forth in the Code of Maryland Regulatrons (COMAR) 26. 11.06 and 26 11.15. Federal regulatrons t

' superceed state regulations; lf more strmgent

Lo

- 'The above menttoned regulattons requtre an 85 percent removal of volattle emrssrons lf tota! VOCs

exceed 201bs/day. An 85 percent removalis tobe achreved usmg Best Available Control Technology
for Toxics (T-BACT) Addrttonally, individual Toxtc ArrPollutant (TAP) limits cannot be exceecled.

| " The mdwtdua! TAPs Limits are calculated usmgformulas contatned inCOMAR 26. 15.08. Emrssxons
‘must be modeled using one of several methods provred in COMAR 26.15. 07 Addmonally,

) partrculates, nuisance emtss;ons andlor odors must be controlled

L

- Controls can be removed if data indicates 2 downward trend in emissions and a two week pertod

mdtcates less than 20 lbs/day of total VOCs are bemg released. i removal of controls is mstrtuted '

© individual Toxtc Air Pollutant (TAP) hmtts cannot be exceeded

*s.z;z'--f\,;-_i'u-‘ ¢ Discharge Citria

r

The hqurd phase effluent from the groundwater treatment system must meet the requrrements set

forth in COMAR 26. 08 and 40 CFR 122.

These regulations limit the discharée of total VOCs to a maximum of 100 parts per billion (ppb) as

measured at the point of dtscharge The acute and chronrc exposure limits for fresh water are .
publrshed in Table 1 of COMAR 26 08.02. 03-2D. Specrﬁc ltrmts for VOCs and metals are lrsted on

§ Table 1. -The point of complt_ance for metals can be the end of the discharge pipe or at the edge of 7

AR100152



a mixing zone wh:ch is lmuted to one-thu'd of the receiving stream width. The point of comphance :
_w11] be deternnned based on p:lot testmg data ,

. The dtscharge criteria will be furthcr developed based on addmonal data from the pilot test Prior
: to initiation of full-scale groundwater treatment, AGC will prov:de all avallablc groundwater and |
surface water data to the agencxes to develop short—tcrm and. lon g-term discharge cntena forthe site .
"in accordance wnth the RAO ' ‘ |

A

53 mm;tﬁsm | \

The RA COI'ISIStS of a stream liner whrch wxll be undcrlam by a collect:on system The water whtch'

iscollected below the streamisolation system w1ll reqmre extcnsxve treatment before bemg dlscharged -

to Little Elk Creek under the requirements of a NPDES pemntor returned to the subsurface. via -
K infiltration galleries. Upon completion of the Pre-Design Inyestigation at the Site, it was appaxent '
that the design of an effective treatment sy'stern for groundwater would be difficult dne to the '

. presence of a variety of constituents, mcludmg Volat:le Orgamc Compounds (VOCs), Semt-Volattle '
- ‘Organic Compounds (SVOCs), metals and various other inorganics from three sources The destgn -
is further complicated by the tnabtltty to predict the resultant mﬂuent concentrations whtch will result‘.
"_ when these three sources are mixed along the length of the stream contamment. Based on this data,
the pilot testing and/or treatabtltty studtes on the collected groundwater is decrncd necessary.

The pilot testing concept yvas presented _to_ the agencies prior to the 'ts% Design stage and it was
 determined that a Pilot Testing Plan would be developed. This section‘of the Design Re'port:presents |
a summary of the general scope fora Pnlot Testmg Plan and a schedule forits 1mplementatton “The
Group is in the process of evaluatmg vendors who are quahﬁed to conduct the ptlot test, desrgn the

~ long term system and perform operation and mamtenance of the system Once a ﬁrm has been |
. selected, the ptlot testtng plan will be revised and finahzed for 1mp1emcntat10n '

‘The collecnon system is desrgned to collect overburden and shallow bedrock groundwater as well '
as dtssolved DNAPL from the creek sedtments Estunatmg collection systeminfluent concentrations

Emmmm-mmmmvﬁ L
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from these sources involvesébhsiderable uncertainty. Althou‘éh‘ the treatment of VOCs is a well

_ understood process, pre-treatment of metals and other potent:al general chennstry parameters is more

difficult. Therefore, sampling of the actual collection system mﬂuent once the collection system has

" been mstalled is considered necessary to provnde accurate design data. Water collected pnor tothe a

: 'start of pllotm gmay be used for batch and/or treatabthty testing if deemed necessary The collectlon
‘system efﬂuent data will be used to' design a pilot and full-scale treatment System whlch w1ll be

: capabie of meetl_n_g discharge cntena.. which will be established as per the RAC.

1531 Qbiectives and

The' p'rimary o'bjec'tives cf the pilot tests are to evaluate influent flow rates, evaluate influent chemical

and phys1cal quallty and to test various pre-treatment, treatment, post-treatment and air treatment

‘ | technologles as necessary to prepare an 1mplernentable and successful final treatment system The |

collection systern is Qesxgned tocollect only the water which would normally discharge to the stream

segment adjacent to the site, not to create any drawdown or stress on the surrounding water bearing -

_units.

" The following ele_mertts will be evaluated during pilot testing:

e Collection system flow rates (system inﬂuer‘tt)' '
e Inﬂuent chermcal and physical propemeslquahty
| “ ° " Pre-treatment technologles | |
. Sludge production and carbon usagelproduchon and quallty (hazardous or non-
hazardous disposal). ‘ . ‘
L. anary treatment efﬁctencreslmass transfer from water t0 air.
« . ‘Vapor-phase capture efﬁcrencreslcarbon or en_ergy.usage. )

~ The Group has. interviewed several vendors who are capable of both conducting the pilottesting and - . -

desigrﬁﬂglimplemertting a full scale system. Once the yendor is selected, the_pilct test plan will be :

. -‘ ' . .
F:OFICEAGOPROJECTS\FILES®5227- BREPORTS S0%90%mLwpd
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reviewed by the vendor and the Group and finahzecl An 1mplementatron schedule is 1ncluded atthe
end of this sectton which’ wrll be futther refined for subrmttal with the pllot test p!an

. The pilot test will consist of two major tasks co]lectton system samplmg and analysxs, and pllotm g

of treatment techno]ogtes

These major tasks are further dtvxded into the followmg genera.l ptlot testmg scope-of-work whtch
- maybe modified upon rev:ew by the Group and the pllot testmg vendor' '

. (_nglectton Svst m §gmp_hng The collectton system wnll be sampled ford wxde R ;

variety of parameters mcludmg VOCs. SVOCs,i morgamcs and general chemrstry o

- parameters Batch and/or treatabrhty tesnng would be performed at this pomt, if
_ necessary. This data will bc used to spectfy ptlot system treatment and pre-
treatment methods ' ‘ ‘

. Mmmg An equilibrium model will be used to determine what
types of solids may form when the water from the three segments is cornbmed.
'- . The formatton of solids could result i in fouling to components of the treatment
) system and eould résultinthe exceedance of dtscharge criteria. Modtﬁcattons to .
~ thepilot test will be based on the mformatton obtained from the collection system |
. sampling, | | '
. _ m&w;:mw An econoxmc analysis will be
'performed to evaluate the cost/benefits of vanous treatment scenarios. . The |
, capttal and long-term O&M costs wﬂl be welghed to determine the best low-cost,.
effecttve method of treatment prior to pllot testing. . Upon compleuon of ptlot' '
| | testing, the selected pilot t_echnology will be re-evaluated based on perfonnance

meocwomammmtmonmmmm o
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533

dunng the pllot If costs are constderably hlgher than antrc:pated the prloted

technology may not be selected as the full-scale treatment system

" Designand [_gstslla;. jon of Pilot System - The conceptual design will be modified,

if necessary, based on the results of the collection system sampling, equlibrium
modelling and eeonorrljc evalttation 'Upon completion of the pilot treatment |
system des:gn, the system will- be mstalled in a manner Wthh will allow

" components to- be added if necessary

: :Eyﬂmnmgﬁymm The performance of the pxlot system will be‘

momtored by samplmg the system effluent at the pomt of dlscharge

m&mmgm (1f necessaty) Based on the performance of the initial ptlot

. modxﬁcauons may be made ora second prlot test phase may be 1mt1ated

IEyg!ggngn of Mﬂ ifie Q ﬂ! §ystem Beﬁormancg (tf neeessaxy) - The

performance of the above modlfieatxons (f necessary) will be evaluated by

'. collectmg addmonal efﬂuent samples

ilot to Full-Scal m

s

| Upon co:npletlon of the pilot testing activities and evaluation penod, the ﬁnal ptlot system will be S

modxﬁedasneededtomeet long-term, full-scale requu'ements Itis envrswned that the final full-scale' |

system may only require modlﬁcat:ons to the final conﬁguratlon of the pllot system.

In any case, a final system destgn will be prepared followed by 1mplementatlon of the full-scale o

system.

FAOFICEAGC\PROJECTS\FILESWS227-NREPORTSSOB 0% rpuwpd
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“The pilot test analytical data will be used for thre¢ main purposes:
| 1) determining the effectiveness of the pilot technologies;-
2 1dent1fymg trends in mﬂuent and effluent concentrations; and

3) developmg parameters for detatled system des:gn

" General trends in mﬂuent and efﬂuent qualtty wnll be analyzed by graphm g concentrations vs, time.

This will prov:de information regarding the range of concentratlons wl'uch will reqmre treatment. -
Addttlonally, the effects of changes in air flow, influent temperature and poss:bly different eqmpment |

conﬁ gurauons can be evaluated.

B The pilot wxll also prowde data on chemxcal usage rates for floculants, coagulants and pH adjustment -
chermcals (aclds and causncs) 'The rate of sludge and solids generation w:ll alsa be determined

' dunng the ptlot evaluatlon

v

55 I&HNQLOGE@IAM_.Q FORPILOT TESTING .

~ Thisisa prelumnary effort andis notintendedto exclude any technologzes whtch the selected vendor -

' may evaluate i in preparanon for p:lot testing,

LN

AGChas conducted an ana.lysxs of the data collected to date in order to focus the pllot testmg effoﬂ .

The analys:s perl'ormed mclude

e Water quahty eqmlnbnum modelmg (mtxed water),
'.. - Air stripper effi iciency modelmg, | '
.« Evaluanon of pre-treatment needs; .
e '_Evaluauon of VOC treatme_nt needs. and
;. Evaluetion of off-gas treatment needs.
memsmmmmm , o | )
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The results of the equrh bnum modelmgrdentrﬁed numerous consti tuents/parameters which willneed
- to be evaluated during pilot testmg mcludmg alummum iron, manganese, BOD COD, TSS and '
others. Equthbnum modelmg usmg the system influent data will be one of the ﬁrst steps of the pllot
. test. Results of the air ‘stripper efﬂcrency ana!ysrs mdlcates that air stnppmg may be a viable
technology and should be retamed for pilot testmg Optlons bemg considered include vanable tower.
| 'and packing conﬁguratrons and the use of vacuum steam stnppmg The use of carbon asa pnmary

. and/or pollshmg treatment 1s also bemg considered.

| Off gas treatment techuologies initially screened-inelude vapor phase carhoh,' thermal oxidation, |
catalytic-oxidation, regenerative cata_lytic oxidation and bio-filtration. With the exception of bio- =

- filtration, all_teehnologies are currently retair;ed,for pilot consideration.

g Technologies‘ for removal of potential 'foulants and other pre-treatment needs include ﬁltratioh;- |
' settmg/clanﬁcatron sequestering agents, precxpxtatxon andbloc1des The need to pilot pre-treatment'
technologres will be determined based on the results of the collectrons system samplmg and
. equilibrium modehng '

'A bnef dxscussxon of some of the possrble hqurd and vapor phase (off-gas) treatment trains are ‘_ .‘
. provrded below ’

551

_ The main treatment componentin this scenario is an air stripper designed to rémow)e VOCs fromthe
. hqurd—phase and transfer a high percentage of the VOC mass to the vapor phase “The air would then :
‘be treated using a themtal oxidation devuce Wthh burns the VOCs resultmg in safe byproducts :

including, chlondes, carbon dxoxtde and water The VOCs Wthh remain in the hqurd-phase (at low. o

o concentratlons) would then pass through a granular actr vated carbon polisher before dlscharge tothe | "
~ Stream under the requnrements ofa NPDES permit, or retumed to the subsurface via an mﬁltratron
- gallery. | ' I

1
i

PAOFICEAGOWROJECTS\ILESS227-RREPORTS S04\ 900% e wixd
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552  Air Stripping with Liquid-Phase and Vapor-Phase ¢

The maiﬁ component of this scenario is alsc_i an air s't:ippef which will transfer VOCs from the liquid
. to vapor-phase. However, carbon would be used to remove VOCs from the vapor phase. Low-level

VVOCs in the hqmd-phase would be treated via llquld-phase carbon Treated water would be

discharged as menuaned above.
553 . Carbon Adsorption K
" Thecarbon adsorptioh scenario consists of two.'liquid-phasé carbon vessels which would be placeci '

in scnes Contaminated water. would flow through the first bed where most VOCs would be
depOSlted on the carbon before ﬂowmg to the sccond vessel. The second vessel would simply act as :

a back-up until exhaustion (breakthrough) of the first ycssel occurred. At this point, the second' .

vessel would become the lead while the first vessel is ,répienished and then acts as a lag. The
discharge of treated water would be handled as previously discussed. |

"~ For each of the above potentlal treatment scenanos, various pre-treatmcnt technolog:es will be tested‘

Wthh may mclude
. filtration;
'« senling/clarification;
s sequestering agents (scale control);

» precipitation; and

"« biocides.

-

" Based on the composmon of the system mfluent a series of pre-trcaﬂnentlpost—treatmcnt elemcnts.
will be included in the pllot testing. ' '

) F:mmmmwmmsm-mmmmm
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56 PILOTTESTINGSCHEDULE | | |
The pilot testmg actmtles are scheduled 1o begm mnnechately after complenon of the stream tsolanon‘_
and collection system mstallatlons Dependmg on the construcnon sequencing, sarnpltng of the

_ ‘system influent may begin as early as November 1998 thure 5-11is a flow d.tagram which depicts

* . the general sequence of events whtch wﬂl take place in order to complete the ptlot test and 1mplement :
- afull scale system. The pllOt testmg schedule is prov:ded on Figure 5-2. The stream channel lining
portion of the Remova.l Action will be ::Ompleted prior to initiation of groundwater treatment system.

This w1ll reqt.ure the passive release of groundwater wh;ch would normally chscharge to the creek at ‘

. the down-strearn limits of the channel lining. T}us will allow the groundwater to flow through the

sediment in the same manner that lateral flow beneath the stream bed is a]ready occurnng Oncethe
- treatment system is fully functtonal the passive release of groundwater will be stoppcd and the
‘Removal Actton treatment system wﬂl be functtonal o o
57 P Egmﬂ [ TEAM
- i _ Vo
| The successful completton of the ptlot tosung plan w111 require the skxlls and capabtlmes of individuals -
from . sev_eral organizations. The Group is in the process of mtemewmg several potennal *
‘ subco'n&ac'tors'who specialize in the design, testmg and mstalla_non__and opera_tto_n of grou_ndwater' A

" treatment systems. When selected, the subcontractor will provide input on the following:

| . E review snd rcvxsxon of the Ptlot Test Plan (summanzed here),
e jsamplmg of the collection system

| ': EE equxpmentdemgn andselectxon, o o o o \
. - - pilot testmg and data analysxs. | | o -

e modtﬁcat:ons to the pllOt and full-scale system.

. design of the full-scale _system. amjl S

e y 'long-tenn operation and mainteniance (0&M).
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'.._6.0‘ES_ REMOVAL ACTIC \ |

Pnesentecl on Figure 6-1 is an updated estlmated schedule for the Removal Actlon Constructlon
Assumptnons and lmntanons to this schedule are llsted below L

o« ‘Agenéymvie\}vot_' theﬁnal design will proceed in accordance_witﬁthetimeframés
shown. | | e "
+ Approval of .the’Fina'l dés'ilgniwill be received no later than April 15, 1998,
. This schedule does not prov:de forprotracted pemm/approval negotiations. It is
expected, based on previous dxscussxons. that the USEPA will assistin expcdmng o
the permit eqmvalcncy rev1ew process for all State, and Federally rcqulred-
i approvals ‘ n | ‘

L The Removal Action schedule presentedm this 100% Demgn chort is prechcated ’
| on the following: '

_ f:_' " Procurement of t/:dnstr‘u.ction qxgtcﬁals v;fili bcgirﬂiming .l.atc May, 1993,
- (j:dlistmé.tim;_. wﬂl Begin ciuri!ig lmd summcr; .
C | Regulator&.apprpva.ls‘a.re bb;gingd on ;bh’edulc; and
The c.urr"cnt Sched;xle al§6 #nticipates that the in—stfeam" components of the lRA(including '
grdundwater collectidn componen'ts) are conétruéted otl"a separafe schédule from the groundwater . -

 treatment system, Pnlot testing of potentxa] gmundwater pre-treatment treatment and air treatment
: techno!ogles is reqmrcd, prior to nmplementmg full scale tmatment opcrattons '

FAOFICEAGC\PROECTS\ILES®S227-WREPORTSO0RO0%pLRd
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- Itis planned that the pilot tests would be conducted using groundwater collected after mstallatlon of
' u the in-stream collectton components Although this w1ll delay the lﬂltlal full-scale start-up of the
o : treatment systems, itis antlcxpated that the certamty prov:ded by the pxlot wxll shorten the shakedown
7 penod for the full-scale systcm, thereby acccleratmg the schedule ofa fully operatlonal treatment
-'aystem. ‘The sched_ule for the pllot testing program is _mcluded in Section 5 of this report. .

w
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Construcnon Spec1ﬁcat10ns for the RA are enclosed as Appendxx E. Techmcal sPecxﬁcauons are
prcsented in thrce sections: ' '

Dmsxon 1- General chum:ments
Division 2. Slte Work.

Division 3 - Conqrete ) ‘

| '_Th.c Conétructioxi Quality Assurance Plan _(CQAP) is presented in Appendix F.

4 R
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. PEAK DISCHARGE CALCULATIONS
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APPENDIX A
KD RGE CAL
The folldwing three methods were used to estimate peak discharge for I_..iitle_Elk Creek:

. Regression Equations from the U.S. Geological Survey Watcr - Resources
Investigations Report 95-4154 "Technique for Estimating Magnitude and Frequency
of Peak Flows in Maryland." |

. Reduction of 1992 FEMA peak discharge data of the entire drainage basin of I..iitle‘
Elk Creek presentedin the "Flood Insurance Study, Town of Eﬂdbn,.Mmyléhd. Cecil
County"”, Federal Emergcncy Managgtiicnt Agency, June 16, 1992,

. Synthetic hydrograph methods in the (HEC-1) Flood Hydrograph Package U.S. Army
Corps of Engineers Hydrologic Engineering Center, September, 1990.

Regression Equations

Regression equations developed from Maryland stream gauge data were presented in the U.S.
Geological Survey Report (95-4154) for the Piedmont Area of Maryland. Theinput paxﬁmctcrs were
the drainage arca, A, (19.8 mi?) and percent forest cover, F, (18.7%). Both arcas were determined
from USGS Oxford, Pennsylvanis; Bay View, Maryland; and Newark West, Delaware quadrangle
maps. A reduced copy of these maps showing the drainage area of Little Elk Creck above and
including the Site is included as Attachment 1 of this Appendix, .

mmmmmm A-1
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The following equations were used:

Q, = 451 ACS(F4-10)0%8
Q, = 839 A08(F41 0y

1 = 1,210A%(F+10)02
Qus = 1,820A%(F410y°2*
Qs = 2,390A%5(F+10) 024
Queo = 3.060A%35(F410y024
Qs = 5,190A0(F+10) 024

Where
Q, = Peak discharge for 2-year storm event, etc.

The following peak discharges were calculated from the above equations.

Flood Frequency Peak Discharge

(yrs) . . {cts)
2 : 1,230
5 2,228
10 3,117
25 : 4,528

- 50 5,769
100 , 7,188
500 - : ‘ 11,537

A-2
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Reduction of FEMA Data

The following peak discharge were listed in the "Flood Insurance Study for the Town of Elkton
Maryland, Cecil County”, June 16, 1992. The drainage areaforthese dischargcs isthe entire drainage

basin (39.6 mi®) of Little Elk Creek.
Flood Frequency - ' Peak Discharge *
(yrs) . - (cfs)
10 5,400
50 9,800
100 12,200
500 20,000

These peak discharges were reduced for the project drainage grea of 19'.8 mi? ‘Iby the following

./ formula:
Q ' (d‘ ‘)l.’
Q, (4 3) .
lFlood Frequency o Peak Discharge
. o N Dt
10 o oo 333
50 ' : 6,033
100 7,510
500 12,311
—/
A-3
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_ u)
Synthetic Hyd h Meth -

This method is available through the U.S. Army Corps of Engineers (HEC-1) Flood Hydrograph
Package and includes the following four steps:

Development of a rainfall distribution.
Determination of rainfall losses (i.e., infiltration, evaporation, storage, etc.).

Determination of base flow.

Eall o

Development of hydrographs.
These steps are explained below:
1. Rainfall distribution

For this analysis, a Type II 24-hour rainfall distribution function was chosen. The
distribution curve function for this rainfall event was obtained from the "Design
Hydrology and Sedimcntology for Small Catchments”, Academic Press, Hoon,
Barfield and Hayes.

The following total rainfalls for various storm events were provided in the "Water

Resource Daita:Maryland and Delaware Water Year 1994", U.S. Geological Survey
Water Data Report MD-DE 94-1. The total rainfall was reported by county.

AR100171



Storm Frequency Total Rainfall
© Q) ‘ (in.)
2 | 33
5 42
10 A al
25 5.6
0 6.4
100 7.3

These total rainfalls were distributed over & 24-hour period using the Type I 24-hour distribur’

function to modél & rain event.
2. Rainfall Losses

HEC-1 provi-

e
< Ampt Infiltration Function
. SCS Curve Number

The Uniform, Exponential, and Holtan Models requite input parameters which are
hard to apply to drainage basin characteristics. The Green and Ampt Function relates
soil properties to infiltration rates; however, the data for these relationships is limited.

The SCS Curve Number was used since the loss function has been directly related to
e — SCS soil classification.-A review of the "Soil Survey of Cecil County, Maryland®,

PAOFICEAGCPROECTSFILES\YS227- S REPOR TSSO APPENDIC A ' A's
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United States Department of Agriculture Soil Conservation, December 1973, shows
that the watershed consists of the following three soil groups:

. Glenelg Silt
. Manor Loam
. Codorus Silt Loam

These soils are moderate to well draining.

Runoff curve numbers for different land uses were provided in the "Technique for
Estimating Magnitude and Frequency of Peak Flows in Maryland”. A composite
curve number (CN) of 78 was calculated from the following Group C curve numbers:

Forest Cover=73 (Area = 2,368 acres)
Grass Cover = 79 (Area = 10,304 acres)
(13) (2,38 acrs ) + (1) {10 304 arer )
CN = = 78

{2.38% acrer « 10 , 34 acres )

The CN of 78 is consistent with the values used to develop the regression equations in the "Technique
for Estimating Magnitude and Frequency of Peak Flows in Maryland”.

3. Base Flow

The base flow or normal flow is the seasonal stream discharge that generally derives from the
groundwater and surface water reservoirs in the watershed, in absence of significant surface water
runoff contributions. Stream discharge for base flow was ficld measured at several locations and was
found to range from about 10 cubic feet per second (cfs) to 18 cfs.~ These values were generally
consistent with data presented in the Maryland Geological Survey Bulletin 34 "Water Resources and

AR100173

C



Esumated Effects of Ground Water Development Cecll County, Maryland" dated 1988. A value
of 18 cfs was used in the HEC-1 analysxs | : :

4, Hydrograph Calculation

HEC-1 ,provides three sjfnthetic unit hydrographs models:

.« " SCS

. Clark
. Snyder

All three models reqmre the mput of a time of concentration (t.) ora basm lag time
(t,) which is a function of t,.

The Clark and Snyde'r models aiso require the inﬁuf of coefficients relatingto storage
capacity of the drainage area. For the Clark Unit Hydrograph Method, this coefficient
(R) has been related to t, in the "Clark Unit Hydrograph and R - Parameter
Estimation” by George W. Sabol. Hydrology references provide coefficients for the
Snyder Unit Hydrograph; however, these references only provide broad ranges.

A sensitivity analysis was performed for each mgdel to see the effect of varying each
parameter (t, t, R) on the resulting peak discharge. “The resulte of this analysis show
that these models are very seﬁsitive tothe input pim;meters 'jTh"erefore. only the SCS
and Clark Methods were used since the value for the storage capacity required for the
Snyder Model could not be adequately determxned.

i
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Since the SCS and Clark Unit Hydrograph models are based on t,, several methods
were used to calculate the time of concentration of the watershed. The calculated
values for t, are listed below along with the corresponding R Parameter for the Clark

Method.
Mcthod t. (min.) R (min)
Kirpich, 1940 305 (5.1 hrs) 327 (5.5 hrs)
USBR Design of Small Dams, 1975 304 (5.1 hrs) 326 (5.4 hrs)
SCS Average Velocity, 1986 278 (4.6 hrs) 298 (5.0 hrs)
SCS Lag Equation, 1972
3% Average Basin Slope * 503 (8.4 hrs) 540 (9.0 hrs)
4% Average Basin Slope * 436 (7.3 hrs) 468 (7.8 hrs)
- 5% Average Basin Slope * 390 (6.5hrs) .. . 419 (7.0 hrs)

*Basin slopes range from about 3% to 5%.

The following table compares the peak discharge for a 100-year flood event based on the various time

of concentrations.
Peak Discharge (cfs) Time to Peak (hrs)
SCS Clark* .
t.(hws) | Hydrograph | Hydrograph { SCS | Clark
4.6 9209 5,646 150 16.0
5.1 8,801 5275 15.0 17.0
6.5 7,459 - 4382 16.0 180
73 6,804 4,018 16.0 19.0 o
8.4 6,241 3,596 17.0 20.0 )

*HEC-1 computed a time-area curve for basin discharge.

FAOFICEAGCOPROECTSVILES 95227-REPORTSSOMAPPENDIX A A's
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lt is bchcve that thet. =6.5 hours calcu!atcd us:ng the SCS Lag Equatxon, 1972 with an average
basin slopc of 5% best models the watershed. Unlike the other equations for t,, the 8CS Lag?
Equation cons:dcrs the effects of rainfall losses by usmg the SCS curve number (CN). The length to
width ratio of the watershed is about 4:1, indicating that surface runoff drains quickly. Therefore,
an average basin slope of 5% was used. ;

The pcék discharges calculated from the SCS Hydrograph Method will be used since these values are
more conservative than those calculated using the Clark Hydrograph Method. The dlscharges forA
various flood frequency are provided below: :

Flood Frequency Peak Discharge

(yrs) (cfs)
2 , 2,010
s . PR Rt E
10 | 4,341
23 5,032
50 6,162
100 7459

Attachment 2 presents a discharge hydrograph for a 100-year storm event based on the SCS Unit
Hydrograph Method. Other flooding events would produce similar curves with the peak discharges

'shown above.

The following table compares the peak discharges calculated using the regression equations, FEMA
" data, and SCS Unit Hydrograph.



Peak Discharge (cfs) _
Flood Frequency (yrs) -|  Regression Equations . FEMA SCS Unit Hydrograph

2 1,230 NA 2,010

5 2,228 NA 3,139

10 3,117 3336 4341

25 4,528 NA 5,032

50 5,769 6,033 6,162

100 7,188 7510 7459
500 11,537 12311 NA

NA =Data Not Available.

FOFICEADCPROIECTSFILESSS22).SREPORTSOORAPPENDICA
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8000 - Tp = 16 HOURS

7000
6000
5000

4000 -

DISCHARGE (cfs)
&
o
o
1

WATERSHED PARAMETERS

30 40 S0

TIME (HOURS) '

TIME FROM BEGINNING OF STORM TO PEAK DISCHARGE (Tp) = 16 HOURS
BASIN LAG TIME (T.) = 3.9 HOURS

TIME OF CONCENTRATION (T¢) = 6.5 HOURS
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. APPENDIXB .

" HYDRAULICMODELING
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- © SUMMARY OFHYDRA D

A review of the June 16, _l992 Flood Insurance Study .('F‘IS') for the Town of Elkton, Cecll Couhty
Maryland revealed that no formal hydraulic study (i.e., HEC-2 analysiS) was performed forLittle Elk

~* Creek upstream of the city limits of Elkton Maryland Therefore, AGC as part of the Final (100%) *

. design, performed a hydrauhc evaluation of Little Elk Creek in the vrctmty of the Site using the U.S.

, Army Corps of Engmeers Hydrologic Engmeenng Center River Analysis Systern (HE.C-RAS).
- Software Package, Version 1.2, April, 1996. This software utilizes a steady-state, onechrnensronal

~ step backwater rpodel to calculate water su'rfeé‘e proﬁles; and is the successor program to HEC-2.

This hydraulic evaluation consisted of the creation ofan existin'g conditions model of Little Elk Creek -
~ and mod:ﬁcanons to this model to predict changes to exlstmg conditions due to the stream 1solatron-d :
concept as proposed at the Final. ( 100%) desrgn stage The hydraulic modelmg included the
" following tasks: o - -

, Hydrologlc Evaluatlon of Ltttle Elk Creck watershed o
" Hydrographic Survey of Little Elk Creek.
" Hydraulic Modeling of Existing Conditions.
Hydrautic Modelmg of the Fmal (100%) Desrgn

AT R o

The remamder of this appendzx has been formatted as follows

- Summary of Conclusrons T :
- Brief Description of Flow Condmons of Ltttle Elk Creek at the Site.
Summary of the Hydrologic Evaluation of Little Elk Creek. =~
Hydraulic Modeling of Existing Conditions of Little Elk Creek
- Hydraulic Modeling of 100% Desrgn
. Comparison of Results B

S
L ‘ } . B : L .
nmmmmmmn.m_‘_ b B'l o
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The reach of Little Elk Creek which contains the proposed gabior-lined channel Is defined a its

-upstream and downstream limits by dams. The significance of the presence of these dams is that the '
- fiow within the reach will be dictated by upsmeam control", - This means that any changes in

hydrauhe eondmons as aresult of the RA will only be realized wnhm the reach bounded bythesetwo

' dams (1 e., Statlons 4+13to Statmn 14474, as shown on Flgure B-1).

In general the I-IEC-RAS analysxs indxcates that flow depths resultmg from the consu-ucnon of the -

"RA will be slightly lower than existing cOndxtlons The ﬂow velocities will be shghtly higher. This

is because the gabmn-lmed ehannel will be a smoother suxface than the existing strecam bed. The _
~ water surface elevat:ons will generally remam unchanged. AGC offers the followmg conclusxons
- regardmg the i unpact of these changes on thtle Elk Creek

e "I"hebanks'ofth_e'maiachannel andoverhankareawithinthisreachoflll..ittlelﬁlkCreek'

- are currently very steep. - Because the water surface elevations will be generally . -

~ unchanged following the construction of the RA, with the steep banks the lateral -
. extent of ﬂoodmg will remain essenuallythe same :

o The gablon-lmed ehannel wnll eause a shght increase in ﬂow velocities. However, the
- flow velocities quickly retum to those of exlstmg eondmons unmedlately downstream '
Cof the gabxon mat : , .

e ‘-The post RA ﬂow depths wrll generally be shghtly lower durmg all modeled storm
' events. _ _

. An increase in flow veloclty and decrease in flow depth will have its greatest affect
‘ on base flow. The stream restoration activities will include the use of boulder islands
.. andripple pools (created by placing boulders) in order to braid ﬂow to increase ﬂow :
~ depth and therefore, decrease ﬁow \(elocmes 3

AR100182
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The reach of Litle Elk Creek adjacent to the GalaxyISpectron Site s bounded at both the upstream

and downstream ends by dams. Two bndges, afoot bndge anda lughway bridge (Provrdence Road)

span the crcelt between these dams These featunes are shown on Figure B-1 located at the cnd of '

~ this appendrx

Upstream Dam. The upstrcam dam isa9 ft. high’ concrete masonry structure. No stgmﬁcant

storage capacrty is present in the reservoxr behind the upstream dam. Thxs occurs because most of |

_ the base stream flow passes through the formcr "stoplog” portxon of the dam rather than over the

crest, and the reservoms virtually filled wrth scdxment. Bypass channels (null races) were commonly "

used to drven upstream flow around dams to e:ther hydraulxcally drive eqmpment andlor to prov:de

process water for manufactunng " These were probably the primary reasons for originally -

' constmctmg the dam. Remnants of a former mill race around the eastern portxon of the upstream

- damare very promxnent. Portions: of this former mill race are intact, while other portions havebeen
. drslodged and washed forward dunng flooding.- 'l‘he nullrace nowisan erodedbypass channel with
a stngle timber weir across the race at its upstream juncture with Little Elk Creek. The Group is

currently performmg stabrhzatnon activities to prevent further erosron to the mtll race.

Downstream Dam' 'I‘he downstream dam isa 4 to 5 ft lugh concrete structure Under base ﬂow. '

~ apartform seepage beneath the dam. all flow occurs around the eastern side of the dam in an eroded
bypass channel A former mill race bypasses the dam to the west. However, a massive steel plate
.has been placed across the race at its Juncture wrth Ltttle Elk Creek that blocks base ﬂow

Bridgcs.. The Proyidence Road bridge spans appro'ximately 85 feet and consists of a concrete declt

| supported on steel T beams. The steel beams are, supported at concrete bndge abutments and a -

. center concrete pier. The bndge is presently closed because of structural damage to the center prer
- The bridge is scheduled for repair in late winter, early spring of 1998, and the repair will constst of

 asingle span deck-with no center pier. Itis understood that the existing abutments will remain and -

rmmmmmmmmun - B3 .
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~a steel deck will :cplacc thc exlstmg concrcte deck Bascd on discussions Wlth Cecil County
- Department of Public Works County Roads Department iti 1s expcctcd that thc clevatlon of the bridge
' Idcck and bottom chord wﬂl remain the same. The footbndgc is asteel truss structure wuh & wooden

- deck. This bndgc will bc rcmovcd and not rcplaccd dunng the RA.

Physical Conditions: The s!opc of Littlc Elk Ci'cck between the upstrcam and downstream dams

ranges from 0.004 ft/ft t00.007 f/ft. Creck bed grades are irregular bccausc of the boulders covcnng
the bottom The crcck bottom north of the footbndgc is heavily lined w:th boulders and the amount_
of bouldcrs decreases south of thc footbndgc The surface conﬁgurat:cn inthe v:cxmty of the Creek

has been strongly mﬂucnccd by development of the Site. A stone and 1 masonry wall typtcally 3tod
. feet hlgh was constructed along the western edgc of the Creek bank and ﬁllmg was pcrformcd bchmd
the wall to create a relatively umform sitc grade. The wall rcmams intact in some scctnons while

other sections have fallen down or have been buried. As shown on the Site Plan, topography in the
Creek falls from the base of the wall towards the Creek at & flat to medium slope. At the opposite

: bank, érades risc'sharply (in some areas nearly veftical) 6 to 8 feet, to a fairly ﬂot top of bank area, _ -

o

" A hydrologic _evalua'tion of the Little Elk Crcck was performed to determine base flows, and the

maximum peak dischargcc and behavior of thc watcrshcdtluzing various ﬂooding events. A detailed
description of this analysis is provided in Appendix A. Based on this evaluation, the following
dischargcs wee used for the HEC-RAS modeling. Ekcluding base flow and the peak dischargc for
a 500-year storm event, these values arc based on the H'EC 1 analysis and generally represent the -

b hsghcst peak d.xschargc ratcs calculated in Appcndtx Aand thc most conservative:

Flood Frcqucncy : : . - Peak stchargc :
(yrs) - ' . _{(CPS)
2 2010
s A
1 | 434

AR10018Y



F R ! 5032

000 6162

B
500 - b 13

Base Flow . - | T 18w L

® " TotalRainfall fora Sooiyeai' storm was not provided in the referencesusedin
the analysis. Therefore the peak discharge calculated from the FEMA data
by basin area reduction procedures (see Appendix A) was used for a SOD-year-

- storm. '

**  Base flow:was field measured with a ﬂowmeter on August 2and Augu'st 28, -
'1996 at several Jocations and was found to range from about 10 cubic feet per
second (CPS) to 18 CPS. These values are generally consistent with data

presented in the Maryland Geologic Survey Bulletin34 "Water Resourcesand o

~ Estimated Effects of Ground Water Development, Cecil County, Marylan "
dated 1988. .

y
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.  Amodel of currcnt hydrauhc condmons of thtle Elk Creok in tho v:cmlty of the Site was dcvoloped o
. to determine the water surface elevanons and flow vclocmes at base ﬂow and at the flood levels for

the 2-, 5-, 10-, 25-, 50-, 100- and 500-ycar frequoncy storms for comparison to those followmg
construction of the RA The descnptxon of tho devclopmcnt of this cun'ent ‘conditions hydrauhc‘

‘_modcl has been formatted as follows
S "" “ InpuiDa;alASsumpﬁono"' L P

Current Flood Levels -~

- These items are described in more detail Ibeloﬁk:'-', -

-

| - ‘Thc followmg input datalassumptxons were used to dovelop the hydrauhc modcl of cun'ent.' |

condmons

Geometry of Main Channcl and Overbank Arcas
~ Creek Discharge = - -
-~ Water Surface Boundary Condmons o o .
v Roughness Coefficients and Friction Loss within Main Channcl and OvcrbankAreas .
g Expxms:onlContracnon Coefﬁclents L . '
 Levees : A
" Ineffective Flow Arcas -
Blocked Obstructions -
Modeling at Bridges - | |
: Modelmg at Upstrcam and Downstroam Dams o

e s e e .0 0 0 & e

A pnnt out of the mput data for thc emstmg condxtxons model is prowdcd as Attachment C of thxs s
appondxx (Attachmont A and B are refercnced latcr)



* Geometry orMain Cha'nnel and Overbank A__reas

S

The HEC- RAS software requu'es the mput ot' stream channel geometry A total of 38 cross-sections

were used in the hydraulxc modehng The locatmns of these cross-sectxons are shown on Flgure B-1
located at the end of this append:x ' * : '

'I‘he geometry of the main channel of L:ttle Elk Creek was defined bya detarled topography of the
- Creek bottom performed thhm the limits of the proposed RA as ‘well as a survey of 22 cross- o

secuons These surveys were performed by Tetra Tech of Chnsuana. Delaware. The cross-secttons
- were located at the exxstmg structures within the Creek (i.e., dams and bridges) and at changes in

flow direction and channel geometry. The extent of coverage of the 22 surveyed cross-secuons_

includes the Creek reach from the toe of the downstream dam to the entrance of the former eastern
mill race at the upst.ream dam (approx:mately 275 ft. upstream of this dam). The survey at each

cross-section mcluded. at a mmttnum, the east and west stream banks, and the stream centerline.

' .Addtuonal potnts were surveyed as necessary to deﬁne structures and abmpt changes in grade,

: Topograpitical data from the base plan mapping perforrned in March 1996 was used to deﬁne the

geometry of the left and right overbank areas at-each survey location. Cross-sections 0+00 and

K 25+48, not shown on F:gure B-1dueto Space ltmrtattons. were constructed from USGS maps, sxte |

- mapprng. and mterpolauon from known survey points. -
Creek Discharge

- ) The HEC-RAS software requires the input of a value for creek dtscharge at the upstream end of the

. study reach, Additional discharge values can be entered at-any cross-section locauon to model
additional runoff. Due tothe relatwely small size of the .dramage area along the rcach in companson'

, with the total area of the watershed, total discharge was assigned at the upstream cross-section.

T ARI0018T
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Water Surface Boundary Condition

As mentioned previously, the HEC-RAS sof;warc utilizes a steady-state one-dimensional step
_backwater model. The backwater model requires the input of 2 starting water surface elevation at
eithcl_'_thc last npsti'cana and/or downctf'cam cross-_scctic;n of the 'rcach. The starting water surface
elcvétion'ca’n be a water surface clevaﬁon at‘ﬂ'ooding condi'tions (if known) or the coftwarc can
calculate the clcvauon of normal or critical dcpth as appropnate Normal dcpth isa funct:on of the

' _ crcck dxschargc and occurs whcn flow is umform (1 e. dcpth is not increasing or dccrcasmg). and is
the state of flow that a channcl connnually tries t6 achxcvc Cnt:cal depth is the depth of flow at -
. rmmmum energy and typxcally occurs whcn ﬂow is ovcr or through structurcs such as bndgcs. dams, |
- spxllways, and weirs. | ' L o
Typically, FEMA Flood Insurance Studies that are bsed on the HEC-2 step backwater model (the
prcdeccssor of HEC-RAS) usea downstrcam starting water surface elevation at the confluence w1th -
| another body of water (usually a largcr body of watcr) whcrc the floodmg elevation is known. The
. Fine 16, 1992 Flood Insurance Study (HS) for the Town of Elkton, Cecil County Maryland uscd the

- backwater elevation of the Blg Elk Creek. Howcvcr, as statcd previously, the limit of thc FIS is
_about five miles downstrcam from the Sxtc Thcrcforc. since there are no Iargcr streams between the

- limit of the FEMA study and the Site whcrc flooding clcvauons are known, normal depth of Little

- Elk Creck was used as & boundary condition at a cmss-;ccnons 0+00 and 25+48.
 Roughness Coefﬁclcnts and Friction Loss wmnn Main Channel and overbahk Areas

B Jl The HEC-RAS softwanc model dmdes the cross-scctlons of a river rcach into three componcnt areas:
: ' -'a left ovcrbank, a mam channcl anda nght overbank “The main channcl isthe dccpcr pomon of the
river wh:ch is gcncrally free of trees and hcavy brush and gcncrally experiences lughcr velocities ,
~ during dlschargc The overbank is the area on both sides of the main channel that is flooded during
storm events, but i is nonnally d.ry during normal or base flow.. Flow in the overbank area during
' ﬂoodmg is gcncrally more shallow and slowcr than expcncnccdcm thc main channel, and bocausc of



. the slower and less frequent flow. the overbank is often covered thh trees and bmsh in undeveloped

J

-areas .

: Durmg the surveymg of creek cross—secuons. AGC performed a reconnaissance of I.attle Elk Creek

in order to observe and define the main channel and overbank area. The dehneauon of the main
- channel and overbank arcas was deﬁned in the model as follows: SRR

« ' Theoverbank station alongthe cast Creek bank was set at the water surface clevation

of an approximate 2.33-year storm event which is typically considered the mean

~

anrival flood. The discharge for amean annual flood was interpolated from the peak |

dtscharges calculated in Appendtx A.

e The overbank station along gthe west Creek bank both up-and downstream of the Site

was set at the water surface elevation of an approximate 2.33-year storm event.

- . - The overbank station along the west Creek bank adjacent to the Site was set at the.
L top of the Creek bank. This is because the Site overbank arca is almost entirely

S 'covered with asphalt pavement. L

The HE.C RAS software model uses the Manmng Fonnula to calculate flow velocities and

conveyance at each cross-secuon based on the input dtscharge The Manmng Formula utilizesa -

roughness coefficient (Manmngs n) to account for fnctmn losses that occur dunng flow The
followmg values of Manmngs n were used in the model '

. Manning's n values for the malu channel ranged from 0.04 to 0.045. These values
. were obtained from Open Channel Hydraulics (French, 1985) and represent bed -
- friction from gravels, cobbles, boulders, high grass, and light brush. These physical

. features exist along the entire reach of the Creek. A composxte Manning's n value
0. 037 was used at Prov:dence Road Bndge to account for the masonry abutments

* - Composite Manmng sn values were used for the overlaank areas. The followmg

typical n values were used to calculate composite values. These values were also

. obtained from (French, 1985):

1. 0013 Asphalt - S
2. '~ 00S: Lightbrush
- 3. 008 Trees

rmmmwmm
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- The Mannmg sn values for both the mam channel and overbank atea are cons:stent w:th values used
in the 1992 FIS for Little Elk Creek and other creeks in Cecll County N

N

The I-IE.C -RAS software eomputes fncnon loss between each cross-secnon usmg one of the following

four methods
‘e Arithmetic )
) Harmonic - _
~e-  Geometric Mean | .
. Average Conveyance

] Each of these me:hods isa funcuon of dlscharge and the conveyance calculated from the Manning =

E Formula. Average eonveyance 1s the default equation in HEC-RAS and was used for the current
a hydrauhe model. ' ) ' '
Expanslon!Coniracﬁon Coefficlents

- Minor head losses due to changes in channel geometry between cross-sections are calculated using

. expansion and contraction coefficients. The following values were used:

e Expansnon and contraction coefﬁclents of 0. 3 and 0. l respecuvely were used at
| stream channel cross-secnons ~ ‘

B . Expansmn and contraction eoefﬁelents of 0.5 and 0 3, respecnvely were used at the
' - foot bndge and at Prowdence Road Bndge : .

Levees

' 'I‘he levee optxon inthe HEC-RAS software allows for the creation of aleft andlor nght levee station :
"and elevation on any cross-sectmn ‘When levees are established, no water can ﬂow to the left (eft

‘levec)orto the nght (right levee) until the levee elevation i is exceeded Tlus optxon was used atthe -

former mill races along the etudy reach of Little Blk Creek to prevent ﬂow in these areas until the

e NV XY L IL]
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‘elevation of the upstream control (e, trrnber werr. metal plate, and sorllnrbble as descrrbed ;
_ ‘prevrously) was exceeded. ' ' | '

' Ineffeotlve l‘“low Areas o
~ 'The I-IEC-RAS software allows for the modelrng of meffecuve ﬂow areas. An rneffectrve flow area
isan area‘m a cross-section that contains water, but the wateris not actively betng conveyed as flow.

- The water is mcluded in storage calculatrons and other wetted cross-sectron parameters, but is not - )
. . included as part of the active flow area. Thrs Optron was used along the main charmel inareasof

‘ 'heavy brush ancl trees. |

- Blocked Obstmctlons .

The existing houses and site structures were modeled by blocked obstrucuons Blocked obsmrctrons |
permanently block out that portion of the cross—sectron and therefore, decrease flow and add wetted
- perimeter when the water comes in contact with the obstruction. _ ]
o Modelirrg at Bridges |

Two brrdges span across Little Elk Creek Wrthm the study reach the bndge at Provrdence Road and

o the foot bridge. For modelrng purposes the HEC RAS software classrﬁes flow at bndges into two

types of ﬂow condrtrons low flow and high ﬂow The low ﬂow condrtron oocurs when the water

- surface is below the hzghest point on the low chord of the bndge opemng Three types of bndge Lo

| arralysrs methods are ava:lable in HEC-RAS to model the low flow condrtron

SR P ErrergyMe'thod . | o
+ 2. MomentumMethod -, . S
3 ‘Yarnell Method (Class A flow only) :

'_ The energy and momentum methods are the most physrcally based rnodels, and in general are
applrcable for the Wldest range of bndges and flow situations. The Yarnell equauon isan empmcal '

x

b

. ' . .' '” .".B'u:.'
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formula andi is only appl:cablc for subcntxcal ﬂow The modelmg of thc low ﬂow condmon at both
bndgcs is descnbcd bclow ' ' ‘ _

. mggngggga_ﬂndgg Al three methods were analyzed during modeling andlthe
.~ . highestenergy computed was used. Acocfﬁcwnt of drag (C,) of 1. Swasuscdforthc '

' momentum mcthod A pler shapc coefficient (k) of 1.25 was used for the Yamell - o

s

. Eqm_hnslgg The enérgy equation was used. a

“The high flow condition ocours when the water surface is above the deck of the bridge. Under this |
~ condition, weir flow occurs over the bridge deck and pressure flow occurs below the bridge deck.

- Inthe HEC-RAS software, this flow condmon can either be modcl using the encrgy method or the |
- pressure and wexr flow mcthod The modchng of the l'ugh flow condmon for both bndges is .

i+ described bclow

. WM The pressure and weir flow method was used in the
~ hydraulic model. A submerged inlet coefficient (C,) of 0.8 and a weir coefficient of
* 2.6 wasused. Other parameters required for this method were assxgned default valucs
available in the HEC-RAS software |

L

. Foot bridge: 'Ihe encrgy equ'gtion was used.

" Modeling at Upsiream and Downs'tream Dams |

The current version of I-IE.C—RAS does not model weirs. Thercforc, the upstreaim and downstrcam o

. dams were modcled as bndges thh culvcrts

S around the upstrcam mill race was modcled usmg a leves. _

‘As mcntion prcviously. the upstream dam passes base flow through the former stoplog section. A-

' box culvert was placed at the existing stop log location to model base flow through the dam. Flow -



Base flow passcs around the castern srde of the downstream dam. Hrgher ﬂows pass over the dam.“

A box culvert was placed at thrs location to model ﬂow around the dam. R

During the August 1§95 ﬁcld n;teasur'crr'tenta of base ﬂow, urface water elcvations were surveyed L

upstrcam of both dams. This survey data was used to calibrate the HEC-RAS model at base flow

| (.e..to determine the stze. Manmng sn values. and entrance and exit loss coefﬁcrents of the culvcrts :

. required to pass the base flow at the surveyed surface water elevations). - |

i

. Water sutfacc elevatrons at the Site for base ﬂow and the 2-, 5— '10-, 25-, 50-, 100-, and SOO-year'

~ stormevents were determmed usmg the currcnt hydraulrc rnodel Tablc B-1located at thc end of this
appendrx presents a summary of the water surfacel el_evatron_s and other pertinent hydraulrc data at

- these flow conditions. Profiles of base flow, 10-year flow, and 100-year flow areprovided'asFigures'

B-2,B-3, and B-4, rcspectrvely Plots of mdmdual srte cross—sectrons showing the vanous ﬂood | '
| levels are provrded as Attachment A of this Appendrx. - ' ’
K shouldt)e noted that the Water_ surface elcvatibn's' ca]cu!ated for the 100-year storm do not match
~ thewater surface elevations interpolated frorrr the limits of the flood plain shown on Flood Insurance

Rate Map Cecil CountyMaryland (Unincorporated Areas), Pane] 20 of 80, Community Pancl Number :
© 2400190020 A, effective date Apnl 4, 1983 These drfferences can be attributed to the fact thatthe . -

 limits of the FEMA flood plain are based only on an approximate study Thei mtent of the HEC -RAS

, modclmg was to develop a hydraulrc mcdel which is consistent wrth existing Site conditions for

| companson to the post-ccnstrucnon hydraulrc condrtrons, and not to duphcate the results of the
; FEMA study '

. Mo&ﬂcatrons to the exrstmg condrtrcn model wcre made to prechct the changcs to Ltttle Elk Creek
' asa result of the RA at the Final (100%) desrgn These changcs mc]uded the followrng
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Stream bcd and bank elevanons were changcd at each cross-sectlon thhm the_.: o
proposed RA to reflect the final gradmg : .

A Manmngs n of 00222 (Maccafcrn) is suggcsted for gabxon-lmcd channc]s -
constructed with carefuily sorted stones which are positioned very carcfully.
Streambed restoration activities are planned to create post RA conditions similar to
current conditions. Measures such as ripples pools (formed using boulders) and
bouldcr islands are planned to increase base flow depth and reduce velocity. Also, the
- stream banks above the base flow water line will be re-vegetated with light brush-like
(grassy) plants. A composite Mannmg s n value of 0.033 was used for the main
 channel to model the. post-construction conditions. A composite Manning’s n value
" of 0.021 was used at Providence Road Bridge to account for the masonry abutments.

" The overbank stations of Little Elk Creek within the proposed RA were moved to the
edge of the proposed gabion walls/mats at the left and right creck banks.

‘The overbank Manning’s n values were adjusted (loweredslightly) along the Site side.
of the Creek to account for the decreasé in vegetauon which will result from the
‘implementation of thc RA. _

...« '+ Thecenter p:er of thc bndgc at Providence Road was removed and accordmgly, the_ E
- energy method for modeling low flow at the bridge was used. Based on discussions

‘with Cecil County Public Works County Roads Department, it is understood that the

existing bridge at Providence Road will be replaced with a clear span (i.¢., no piers)

" metal grate bridge. If this design scheme is changed and piers are added, an analysis

- ofthe effects of the hydraulic forces anticipated followxng construcmn of thc RA on s

thc proposed pxcrs Wlll have to be perfoxmed

' Itis annc:pated that several atructurcs w:ll be rcmovcdldemohshcd dunng the RA '
~ Theblocked obstructions of the followmg structures were removed from the model R
L Bnck office bmldmg along the east side of the Creek |

2. . The on-sxte tra:lcr. small block buxldmg, and transformcr along the western
creek bank : N :

*A print out of the mput data for the hydrauhc model of the RA at the Fmal (100%) dcsxgn stage is
' prowded as Attachmcnt D of this appcndxx '

e

Table B-2 lo_catcdat the end of this appcndix presents a summary of thc water surface elevations and

~ -other péﬁinont hydraulic data at these flow conditions. Profiles of base flow, 10-year flow, and 100-

+ omscnomTssssmomronses . B-14  ARIO0ISL



’ year ﬂow are prowded as Figures B-S B-6, and B-‘7 Plots of mdmdual site cross-sectlons showmg
."the various flood levelsareprowdedasAttachmentB |

o

In general, the HEC-RAS analysis indicates that flow depths resulting from the cens_u"uetion of the
* RAwillbeslightly lower than existing conditions. The flow velocities will be slightly higher. This
1s because the gabion-lined channel will be a smoother surface than the exxstmg stream bed (i £, has
a Jower Mannmgs n value) However, beyond the downstream limit of the gablon mat the ﬂow
(depths, velocmes. and total energy returned to that of ex:stmg condmons - The water surface.‘
elevauons will gencrally remain unchanged. A detailed companson of exmng and post RA water .
’ surface elevanons, flow velocmes. and ﬂow depths for each I-IBC—RAS coss-section is pro\nded on \

o Table B-3,
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. TABLE B-1

Hydraulié Data of Existlng Conditions .

River §ta. QTotal Min ChEl W.S. Elev ‘CrltWS EG Elev EG Slope Vel Chnl Fiow Area Top Width Max Chi

AR100196

(cfs) (1) {f) (L m_ . om (f/s) (sqft) {n Dpth (ft)
2548 18 212 21213 21213 21219 004453  1.99, 0.06 706 0.13
2548 2010 212 21674 . 217.03 0.002051 458 54217 2028 474
2548 - 3138 212 21811 2184 0001642 - 488 85786 - 25334  6.11 -
2548 4341 212 - 21001 219.36 0001668 541 109669 273.1 101 |
| 2548 8032 . 212 . 21952 219.88 0001616 558 123487 27674 752
. 2548 . 6162 212 = 22026 22085 0001587 - 88 14424 288 826
L2548 - 7450 212 221.01 22145 0001605 629  1868.19 31054  H.O1 .
2548 12311 212 22382 22385 0001512 ~ 713 230838 = 32062 - 11.32
4748 . 18 | . 20864 212,06 21206 0000006 012 155856 10199 342
' 1748 2010 20884 21573 21589 0000086 . 3.47 . 63618 147.76  7.08
1748 3138 20864 217.22 21742 0000803 367 = 9148 22444 858
1748 4341 20884 217.87 21826 0.001118 441 109318 25001  §.33
1748 5032 20884 21846 21878 0001163 469 - 121741 26105  6.82
1748 . 6182 20864 ' 210.17 21054, .0.001201 - 51 1408.74 27423 1053
1748 7459 20864 21989 1’22032 0001244 85 160865 27946 1125 |
1745 12311 208684 2229 o 2227 00013689 6.7 227942 31519 1348 |
1736 . 18 208.64 21206 21206° 0000003 01 18791 10189 342
1736 2010 20864 21573 21587 0000843 3.02  €65.13 14775  7.09
1736 3132 20884 21722 21741 0000805 354  §46.78 22443 858
17385 4341 20884 21787 21824 0001013 428 112507 24988 9.33
1735 6032 20864 21846 21876 0001054 4.6 124917 26102  9.82
1735 - 6162 20884 219.17 21952 000111 - 487 ~ 144031 27421 ~ 1053
1736 7459 20864 21080 . 2203 0001161 538  1630.89 27844 1125
1736 12311 20864 2221 ' 22288 0.001303 66 231003 315147 1346
1720 18 20862 21205 20058 21206 0000007 0456 = 11056 6441 = 343
1720 2010 20892 21548 21335 21583 0002369 4.9 45072 11327 656
1720 3130 208982 2169 - .214.36 . 217.36 - 0.002242 8.7 66135 18485 768
1720 4341 . 20892 217.51 2154 21818 0002848 €97 -  781.21 210 . 859
4720 5032 20882 21785 = 21554 218689 0.003041 T4 87858 22718  ©.03
1720 6162 20892 . 218684 - 21657 21645, 0.003061 7.89 = 103961 24218  8.72
1720 7459 = 20882 21834 21581 22022 0.003052 8.35 121501 - 2523 ' 1042
1720 12311 20892 2215 21935 22268 0003077 975 179856 200988 1258
. : ' ' . v ' . B oo ) .
1606 18 - 207.67 21205 20849 21205 0.000004 0.13 1303 8577 . 4.38
- 1606 2010 20767 21507 - 21289 21552 0002081 561 - 30321. 10527 74
1606 3139 207.67 21638 21424 217.04 0003198 €83 89561 19182 872
1606 4341 . 20767 216854 21501 - 217.68 0.005496 0.1 62506 - 19345 ' 887
1606 5032  207.67 21694 21689 21818 0005643 961. 7032 19745 627
1606 = 6162 20767 21747 21589 21891 0006097. 105 81351 21253 98 -
1606 7459  207.67 - 217.08 21589 21065 0006668 1149 $2205 21967 - 10.31
1806 - 12311 207.67 21985 - 219.31 22189 0006945 1355 1357.67 * 247.02  12.18
1838 18 2065 21205 . 207.08 21205 0000001 008 19513 5474 555
1538 2010 = 2065 < 21504 21195 21532 0001663 4.5 51441 11013 _ 854
1538 3139 2065 21639 21319 2168 < 0002023 543 68899 14375  9.89
4538 4341 2065 21654 21441 21726 0003545 ' 7.37  700.86 14477  10.04
1538 8032 2065 21601 215 = 217.75 0003848 7.87 76375 14735 . 1041
1538 6162 2065 21739 21501 21844 000443 © 895  £38.32 16023  10.89
- ' . Pagetef?
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. TABLEBt S .
Hydraulic Data of Exlsﬂna condlﬂons

Rlver Sta E'l"otal MinCh EI W.S. Elev CitWs. EG. Elev £.G. Slope Vel Chnl Fiow Area Tcp Width Max Chi
cfs) M - R ® - @® @R (fu's) (sq ft) () Dpth (ft) -

1538 7459 2065 21782 - 21541 218.14 0.005216 1009 91089 18139  11.32°
1538 - - 12314 2065 21005 21838 ~ 22145 0008009 13.78 115261 21385 - 1285

15100 ° 18 = 20081 21205 20087 21205 0000011 048 10185 69.72 729
1510 ¢ 2010 - 20881 21382 21366 215611 0.014404 6.1 2077 N7 806
1510 3139 20861 21476 21476 218353 0015768 - 10.7 28328. 822 10
1510 4341 209681 21648 215 21712  0.005072 689 = 704 18573 . 11.712
1510 8032 20061 21685 . 21501 217.59 0005272 743 - 77823 | 208.190 - . 12.09
1510 6162 = 20861 21735 21545 21826 0.005801 834 - 88534 238068 - 1259
1510 . 7459 20061 217.82 21699 = 218982 0008278 B2 .1008.32 26457 . . 13.08
1510 | - 12311 - 20081 21948 2178 22087 0.006546 11.14 16053 31628 -14.72

1508 © 18 20061 - 21205 20087 - 212.05 0.00001 0.17 105.07 59.97 . 7.29
1608. ~ 2010 20061 21382 21381 21507 - 0.013684 865 22446 7305 0.06

- 4608 3138 . 20861 - 21488 2147 2165 0017288 1108  283.05 &0.58 0.83
1508 4341 20861 21647 215 21711 0005002 €87 70491 17863 ".n
1508 8032 20961 - 216.84 21501 217.58 0005221 742 = 7762 185.84 12.08
1508 6162 . 20961 217.33 21543 21825 0005815 836 - 87622 21001 1257
1508 7458 . 20061 217.76 2 216 2188 0.006851% £33 874891  237.11 13

1508 12311 20061 21847 - 21847 22087  0.012004 1372 116016 27786 1371

_s'pectron Dam

1474 . 18 18785 20045 18821 20045 0000028 0.20 6246 2807 @ 25
1474 2010 - - 18795 20561 20307 ~206.22 0.003143 443 45384 11206 | 7.86
1474 3138 19785 20751 20474 20789 0002612 4985 @ 63417 11363 9.5
1474 4341 19765 20805 20545 20041 0.00239 ~ 543 709.19 - 115.06 1
| 1474 8032 197.85 ~ .208.77 20582 ' 210.26 0.002258 . 5.63 8931 - 11585 1182
- 1474 8162 19795 - 210853 20639 21118 0.002509 €27 . €8236 11662 1288
1474 7459 18785 21131 207.03 - 21206 ' 0002782 695 107362 11739 1336
1474 - 12311 18795 21503 20009 21582 0.002171  7.37 189055 - 26687  17.08

1466 18 19549 20045 - 18576 20045 0.000003- OC.1 17732 6243 . 495
1466 2010 19549 206,04 200.78 20615 0.000678 267 75268 120.54 10.65
1465 3139 19549 - 20765 20205 207.82 0000763 3.31 ~ 04783 122156 1216
1466 4341 16548 2091  203.16  200.33 0.000870 3.85 1126.73 1238 13.61
1486 8032 - 18549 20082 20382 210.18 0.000801 4 1228 12442 1443
1466 6162 18549 21075 = 204.08 - 211.04 0.000947 = 44 1485.02 - 155.89 16.26
1466 7459 19549 21487 © 20465 21183 0.001087 - 491 161507 . 15375 16.08
1466 12311 19549 21521 20663 21872 0.001191 86 231013 25066 10.72

1483 - 18 1658 20045 . 20045 0000001 .0.07  260.45. 8826 405

1483 . 2010 19585 20606 20614 0000337 241 96226 13999 1056
- 1453 3136 1955 20767 . 2078 ° 0000448 307 118764 14834 1247
1483 - 4341 1955  209.14 ' 20931 0000528 368 = 1416.17 . 14982 - 13.64
1483 5032 1058 20096 ' 21018 0.000555 384 153082 1508 1448
1463 6162 1955 21077 - . - 211.02  0.000655 4.36 185248 15188 1527
1463 7459 1955 2116 21182 0000788 4.9 178869 15257 164

1453 12311 - 1855 -~ 21524 . - 2167 . 0001031° 6.03 247311 ' 25885  19.74
1457 18 1955 20045 © 20045 0000002 . 000 20280 €160 - 4985
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. TABLEB-1 :
Hydraulic Data of Exisung Conditions

' RnierSta. QTotal MmChEI W.S. Elev CﬂtWS EG Elev EG. Slopo ValChnl Fiow Area Top Top\Mdlh Max Chi *

Dpth(ﬂLJ "

AR100198

(cfs) 0 ) (44] . om {ts) (sqf) ™
1467 2010 1955  206.04 —208.43  0.000469 264  006.14 15042  10.54
1457 - 3139 - 1958 207.68 - 2078 . 000056 - 324 . 115156 15245 12.18
1457 4341 1985  209.13 209.31 0.000627 - 3.74 1376.59 154.29 13.63
1457 5032 195.5 209.95 "210.15 0.000645 3.98 - 1504.4 15532 . 1445
1457 6162 = 1955  210.78 21102 0.000759 447 . 163054 156.34 15.28
1457 © 7459 195.5 2118 . 21191 0.000882 8 176081 15738 1841
1457 12311 1955 21524 215.7°. 0.001045 8.4 2439.32 21748 1974
1448 .. 18 197,77 200.44 ‘20045 0.000044 031 58.38 34,19 287
14486 2010 19777 2059 - 20811 . 0.001718 387 554.03 . 14238 813
14486 3133 197.7T7  207.52 207.78 0001538 445 82753 1482  9.75
1448 4341 197.77 . 208.98 20929 0.001449 488 104288 14863 121
1448 5032 - 19777 209.8 21013 - 0.001385 5.0% 116582 150 12.03
1448 6162 197.77 - 21059 21099 0001547 581 128418 151.3% 12.82
1448 | 7459 197,77 . 21135 21188 0.001879 845 1408.74 17156 13.58 .
1448 12311. 19277 21507 21567 0001463 893  2153.14  237.04 173
1419 18 199.5 . 20038 20022 . 20044 0.013432 19 948 2872 - 088
1419 2010 128.5 205.48 204 208,01 0005262 8685 34838 0984 & 598
1418 = 3139 1995. 207.08 205.01 207.68 0.004103 638 = 51831 . 11215 7.58
" 1419 0 434 1995 - 2085 20588 209.18 0.003543 88 69102 13423 9§
1419 5032 -199.5  209.34 20834 21004 0003142 ©6.88 £0BS3 14179 9.84
© 1419 5162 19986 - 210.04 207.01 . 21089 0003441 759 91059 153.18 10.54
1419 74597 1998 - . 21078 207.73 211.78 0.003674 . 828 1024.12 - 356812  11.28
1419 12311 1995 - 21474 21025 - 21859 0.002184 782 - 18218 © 248.33 15.24 \
1369 18 199 . 19958 18948  109.82 0.020154 208 838 2027 058
1389 2010 159 20502 203.38 = 20571 0.0080290 6.69 308.02 7332 8.02
1369 3139 189 . 20854 20447 20742 0005525 762 44077 10185 754 |
1369 4341 199 208 20576 208.98 0004848 8.09 60041 12361 9
1369 5032 199 - 208.08 . 20651 209.84 0004058 7.82 718.75 . 12493 9.98
1369 8162 . 189 203.62 - 20712 . 21067 0.004528  8.68 80248  128.08 10.62
- 1369 7459 0 199 . 2103 20828 21152 0.00524% 9.42 89863 15050 13
1369 © 12311 199 2147 21068 21547 - 0.001708 ~ 7.07 18088  258.52 15.7-
1310 18 . 198 19864 1985 1987 0013115 199 = 905 = 2364 0.4
13100 2010 198 20458 2029 20535 0.005957 7.02 28673 6221 . 858
1310 | 3138 - 198 20824 < 2042 207.11 0.004088 767 = 4475 g8.09 824
1310 . 4341 - . 198 207.76 20547 20868 0004291 8.07 - 630.14 142858  9.78
‘1310 ., 5032 . 198 2088 - 20899 2006 0003417 768 79258 1528 108
1310 e182 188 209.47 20713 - 21039 .0.003667  8.34 900.24 - 17437 1147
1310 7459 198 21019 20798 - 211.10 0003742 - 8.88 - 1020.42 - 183.78 1299
- 1310 12311 108 2148 ‘2103 - 21537 0.001633 - 7.8 1917.31 2.24.19‘ 16.8
1184 18 . 19888 197.79 © 19781 0.00432 129 1383 2981 0.93
1184 = 2010  196.86 204.11 - 204.64 - 0004328  5.85 1343.83 7455 725
1184 3139 19688  203.83 2085 . 0.003812 - 858 - 487.81. 103.02 8.97
- 1184 - 4341 19888 20743 208,15 . 0.003208 . 8.08 669.32 13054  10.57
1184 . 5032 ~ 198.88 208.53 - 20918 0.002542 B.71 818:71 134 - 1167
| 1184 - 6162 108.88 209.14 . 209.94 0.002008 '7.47  898.18 134 . 1228
1184 7450 - 19888 209.77 . 210.75 . 0.003278 © 824 ' 98233 134 1291 \ )
Pags3of7



T ey
Hydraulic Data of Extsﬂng condmons

I

; River Sta. QTVotal MinChEI WS Elev cmws EG Elev E.G. Siope - Vel Chnl FIowArea Top Width MaxChl

o m @ - @ ® ) '. e (g ) ~_ Dpth(®)

1184 12311 106.86 21423 ~ 21513 0.001879 - 7.71 _ 1681.81 165.18  17.37
70 - 18 187 10773 497.76 0003400 127 1422 2649 . 0.73
170" 2010 . 197 204 - 204857 0004779 606 . 33174  74.02 B
1170 3139 187 20573 . 20644  0.00407 676 - 47386 . 1003 . 8.73
1170 4341 - 197 20734 - 20811 0003401 743 6537 12608 1034
1470 8032 - 1h7  20845. - 20015 0.002674 687 80272 134 © 1146
1170 - 8182 107 - 20005 2000 0003076 766 88178 134 1205
1970 7450 197 © 20085 210.7 000349 8458 96347 134 1265
1470 - 12311 167 21446 2151 0001058 .7.89 166658 18543 . 17.16
1103 18 1965 19789 40769 0000387 061 2067 3244 119
1103 2010 1968 20374 - . . 20428 000382 BBB, 34200 €660  7.24
1103 3139 1965 - 20548 20618 0003595 6.75 48270 9384 888
1103 . 4341 = 1965 20794 20789 0.003030 743 67094 14254 1064
] 1103 s032 1965 20833 . 20807 0002219 667 84432 14831 1183
1103 . 6162 1965 2080 20060 0.00254 742  $30.37 15232 124
1103 ° 7450 1965 20049 . .21046 000286 8.8 102184 16052 1290 |
103 12311 1965 . 21426 21482 0001104 €51 205681 23184 . 1776
1018 18 . 16 19768 16768 0000059 0.3  59.07 4438 188
1018 2010 186 20366 20309 0001928 4.58 43888 74857 7.6
1016 - 3130 ~ 196 . 20542 -~ 20585 0002056 - 548 - 57467 B0OBE 042
1018 4341 . 195 207.00 . 20762 000185 585 81209 235 ©  11.00
1018 6032 186 20837 . 20876 00012 523 115461 28833 1237
1018 6162 . 196 209 . 20944 000126 6858 13382 204 13
1018 7458 - 196 20067 21046 0001289 687 154102 3243 1367
018 12311 196 21445 21476 000041 447 333935 40712 1846

1000 18 19472 19788 1952 °197.68 0.000023 -0.27. 6644 2726 266
1000 = 2010 19472 2033 2006 20387 000284 606 33178 8642 855
1000 3138 19472 20485 2019 20571 000450 746  421.09 5928  10.3
1000 4341 19472 20624 2034 20738 0004954 889 52023 12804 . 11.52
1000 6032 19472 20789 2037 = 20865 0002515 691 91406 31779 . 1327
1000 6162 - 19472 © 20877 20467 20035 0002128 669 . 117606 35345 ' 14,05
1000 7450 19472 20958 20569 21012 0.001783 €43 148447 41198 1486
1000 12311 18472 21446 20933 21474 000246 302 377602 48077 1974

' ‘Fonner Locatlon of Footbridge

893 - 18 19466 19788  195.18. 19768 0000027 028  61.35 25.07 3.02
9g3 2010 194.86 20316 200.71 203.82 0.004336 €.51 30873 6624 85
] 993 3139 19486 20457 20189 20563 000525 824 ¢ - 38116 5BE4 991
-.993 - 4341 18466 2057. 20317 20722 0006293 9081 43928 6108 11,04
993 5032 19466 20633  203.82 208.09 0006606 1064 ~ 4929 13218  11.67
893 6162 19466 20766 2048 . 208.89 0.004917 932 81055 291.18 13
993 7458 ' 194856 2002 2078 - 200.88 0.002375 7.16 132686 3802 1454
993 12311 19488 21435 20035 . 21464 0000239 306 = 374083 49613 19.68

882 18 . 10485 10768 19524 197.68 0000017 021 8635 444 302
982 2010 19466 20321 199.73 2037 0.002371 . 550 35083 64656  8.55
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Rivr Sa. qoml MRCRE WS, E:ey CHW.S.

: Hydrauhc Data of Existing Conditions

" TABLEB-1

O

E.G. Elov E.G. Siops Vel Chnl Fiow Area Vop Width Max CHI ]

) (™ @® " ) (W) - (rvs) (saf) M Dpth(t),
. 982 3139 19466 204.65 201068 20548 0003038 719 43855 6882  9.09
- 982 4341 19466 20583 2023 20899 0.003597 867  519.34 10871 - 11.17
982 5032 19468 2085 20254 207.81 0003847 928 50241 ' 18204 1184
982 6182 19468 2078 20392 20868 0002732 782 9503 - 2825 . 1314 |
- 982 7459 19468 20919 . 20496 200.84 0001813 893 . 138702 32452 - 1453
982 12311 194.68 - 21423 20892 21481 0000451 439 325471 40388 1957
905 18 197.35 197.58 197.58 197.65 0.053069 . 2.19 823. 5332 02
- 2010 - 197.38 20298 © 20078 - 20347 0003474 585 35877 8388 . 563 .
$05 3130 197.35 20444 20185 20518 000383 8.83 4849 8932  7.09
805 4341 . 19735 20582 20282 = 20868  0.003957 ' 797 5562 - 9348 827
903 5032  197.35 20843 20334 20731 0003586 755 6849 10858 908
905 6182 . 197.35 207.58 204.16 20845 0003137 772 85331 181.01° 1021
- 905 . 7459  197.35 1 208.89 205 - 20965 0002278 722 . 11281 23285 1154
905 - 12311 - 197.35 21401 20838  .21453 000073 538  2570.7 32335 . 16.58
854 18 1965 18743 106.88 19743 0000765 084 2798 4711 003
854 2010 1965 20284 20034 2033 0002983 548 ' 368.86 - 8303 834
854 3139 1965 20428 20143 20498 0003258 672 47212 8884  7.78
854 4341 1065 20543 20245 2084 0003727 792 55833 9273 - 8.93
854 - 5032 1965 20827 20297 20712 0003384 742 . 69544 1039 Q.77
854 6162 -1988 20738 - 2038 . 20828 0003165 7.81 8495 17801  10.88
854 7459 1965 - 20860 - 20468 © 20952 00025 761 11099 22364 1219
. 854 12311 1085 21401 20822 21447 0000878 585 2600.74 31129  17.54
77 . 18 1955 19742 19588 10742 0.00007¢ 033 5828 42.92 192
77T 2010 19585 20257 20007 20308 0003348 558 - 38007 729 7.07
71T 3139 1958 20397 201.31 20471 0003687 687 . . 45364 5095 . 847
777 4341 1955 . 205.08 20232 = 20809 0004245 815 . 5381 831y 958
T 5032 - 1985  205.58 20284 20878 0.004508 888 57293 8469  10.08
77T 6162 1955 20844 20365 207.83 . 0004903 979 63811 87.33  10.04
77?7459 1955  207.39 20451 20918 0005147 1071 70983 ' 1058 11.89
777 ‘12319 . 1955 21367 - 20738 21438 0001405 7.38 222128 377.07 1847
755 18 188 197.42 18538  197.42 0.000045 028 837 4282 242
755 2010 195 20251 199.81 20298 0002888 55 36551 785 7.5
755 3139 195 20388 20005 | 20463 0003444 693 45398 8133 8.8
755 4341 185 2049 ' 20201 20393 0004184 8368 52148 8344 99
© 758 3032 195 20537 20257 . 20887 0.004678 947 5524 8587 1037
755 8162 195 20617 . 20341  207.8 0.005188 1025 ' £08.82 90.77 - 11.47
755 7459 . 195 °  207.02 204.32 - 209.02. 0.005685 11.37 66452 = 9588 = 1202
755 12311 195 21353 20732 21432 000183  7.55 | ,192493 30176  18.53.
742 18 185 19741 | 19585 187.42 0000083 < 0.35 5107 42685 241
742 2010 195 20248 - 20004 20295 0002387 547 36733 . 7133 748
742 3139 195 ~ 203.87 20118 20457 0002738 . 67 46822 7333  8.87
742 4341 195 20493 <.202.16 20591 0003333  7.94 - 54893 7831 983
742 5032 195 20542 20269 20857 0003678 861 58475 774 . 1042 _
742, 8162 195 20828 20351 207867 0.00402 944 65243 7975  11.28 -
742 7459 - 195 207.21 204.38 208,84 0004319 . 1024 72843 8274 1221 -
742 12311 195 21323  207.23 21428 0.001291  7.67 1553.84 24761 1823 , )
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: TABLE B-1 ~
Hydraullc Data of Extstlng condltions
’\u"ﬂ;‘“’
] '_éta aTomr Win ChE WS, Eae""-"""'v CﬂtWS—E_G—Elev E'_slope Vel Chnl F FiowArea TopW;dth Wax G
U cls) - () (@ {ft) fm - (s)  (sqft) () Dpth (M)
- Prwidenee Road Brldge
7256 18 1855 19741 19575 10741 0000025 027 €698 4167 191
| - 725 2010 1955 = 2024 = 200 20265 0.002479 6544 - 36981 7645 ~ 68
' 725 . 3138 . 1955 ' .20349 20086 20416 0002722 ' €57 47785 7817 789
| L 725 4341 1955 20464 - 20188 20585 0.003054- 7.84. 86821 - 7958 .14
725 6032 1955 20517 20238 20623 0.003289 824 61093 8024 9.67
725 6162 1055 205967 . 20313 20726 0.003844  6.13 67489 8122 = 1047
725 7459 1955 2068 20396 208.37 0.003987 . 10.03- 74347 8226 . 113
725 12311 1955 - 21089 20668 21261 0002756 10.35 = 120728 16591 1549
"718 18 1055 . 19741 - 10574 19741 000003 027 - 6589 4223 . 1.91
1 715 2010 1855 20169 . 200 20229 0.004185 622 - 32201 = 7432 6.19
| 745 3139 1955  203.02 20111 20387 0004217 743 42354 - 7748 . 752
716 - 4341 . 1858 20404 20207 20521 0.00481 , 868 6041 70986 B84
715 . 8032 1056 20445 20288 20585 0.005035 645  §33.18 8098 - 896
i 715 ¢ 6162 1055 20503 203.34 2068 - 0.005841 1072 683987 8234  ©.53
S 715 . 7459 1955 20544 - 20446 - 207.77 00071688 123  618.42 . 8333 984
;- 718 12311 . 1958 20888 20688 - 2114 0.011183 17.44 74044 8682  11.38
. 648 - 18 195 197.41 . 19545 ° 18741 0000015 022 8175 42853 241
6456 2010 1985 20109 19964 20192 0006255 745 28696 8145  6.00
‘ 645 3139 185 2026 ' 20124 . 20355 0004947 841 47303 19377 76 |
\_/ | e 4341 195 20363 - 20251 20484 000393 . 83 75683 23198 = 893
| e4 5032 - 195 20447 20308 20542 0003805 B8.58. 85692 24406 94T
@846 - 6162 195 20526 . 20376 - 20625 0003695 . £.02 108463 26065 . 10.26
846 7450 195 20596 20443 . 207.05 0.003783 9.63 127283 27607 . 10.96
646 12311 ' 185 ' 20828 20616 20962 0.003864 - 11.31 206683 . 39217 1328
- 862 18 1935 19741 ... 19741 0000009 018 9814 4719 391
862 2010 1936 - 20043 = 20138 0006354 7.83 25716 5920 683
8§62 3139 1935 20181 20049 20302 0.008955 .57 36264 - 13985 - 8.1
862 - 43N 19386 '20221. 20221 20425 000903 1186 - 4611 1818 8N
852 8032 1935 . 2028 = 2028 20485 0008378 1192 67277 2005 9.3
62 = 6182 1935 20386 20356 ~ 2057 000799 1248 73494 22853  10.06
862 7459 193.5 ©  204.38 204.38 20681 0007364 1283 - 03465 25288  10.88
862 . 12311 1935 206 ' - 206 - 20889 0008991 1583 138744 = 31688 125
479 18 193 19741 ., 10741 0000004 014 | 13202 4812 4.41
479 - 2010 193 190.98 . 20086 0005649 = 7.56 26506 6503 6.8
479 3139 . 163 19092  199.81 20213 0.014303 1185 2626 . 8575 . 682
479 4341 193 - 20141 20168 20347 . 0009794 1185 - 49013 22163 - 841
479 - 8032 ' 183 . 201.71 . 20219 .204.04 001065 1276 859280 23407 . 8.7
476 6182 193 20218 20285 20485 001185 1383 67659 25781 919
476 7459 193 20268 20287 20566  0.012302 1504 80549 28082 968 |
. L4190 12311 0 193 20406 20545 20794 0.014504 1829 127139 35687 - 1106 |
485 18 192.74 10741 19741 0000002°' 01° 17469 €089  4.67
o, 465 - . 2010 19274 20016 . 20089 0002785 571 385193 -67.35 745
N 465 3139  192.74  200.61 .- 20187 000529 825 38297 8144 7.87
b . . . Page60of7 P,
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. TABLE B-1 : :
Hydraullc Data of Eadsting Condlﬂons ‘

[(ersa GTom Wi OhE WE Tov CRWS. £0.5%v £5.55 Vel Chnl Flow Area Top Wich MaxCh J ”
- (cfs) (M) () M M (Ms)  (sqM) - (M . Dpth (M)

4341 19274 ~ 19885 109.99 203.03 - 0031291 1842 26439 6388 611
_ . 5032 © 18274 10956 20057 20364 < 0.025698 16822 3102 ~ 6537 . 682
488 6162 19274 20083 20242 20456 0.016919 1531 4128 - 1034 ~ B8.19

&%

465 7459 10274 20179 20305 20541 0014639 1557 - 81841 260.88  9.05
465 12311 15274 20333 20481  207.60 0015407 1827 111302 33727 1059
433 18 - 184 19741 19422 16741 ©0.000002 .04 , 16888 7842 341
433 2010 © 184 - 20027 197.75 20058 0.001911 430 49899 11281 627
433 3139 1S4 20084 19873 20139 0003153 609 50179 11452 - 6.84
433 4341 184 20124 199.84 20213 0004671 778 = 6402 25748 - 724
. 433 5032 194 20139 200 20251 0005602 874 67953 26400  7.39
433 6162 194 19924 20054 2037 0038114 1728 - 3841 10526 = 5.24
433 7459 - 194 10988 201.68 2048 0.035043 17.81 45288 1109 = 688
433 12311 - 184 20254 20378 . 2071 0018341 1771 6218 . . 31217 . 8.54
413 18 1935 - 19741 1541  157.41 0.000008 042 15068 821 3.1

413 2010 1938 20020 19824 2005  0.001703 . 38 62801 - 23947 .79
413 3139 1835 20092 198.99 20127 0.002399 497 78838  257.78  7.42
413 4341. 1935 20142 - 199.73 20194 0003158 . 84 92202 20088 7.2
4137 . 5032 1935 20165 20005 20227 0003812 672  580.62 30747 . BaA5
413 8182 - 1935 19983 - 200.55 20250 0.030043 4413 48283 19408 813
413 7459 1935 19984 - 201 20362 0.035478 1601 52601 21077 834
413 12311 1938 20124 2028 20057 003219 1902 © 7788 24975 T4

399 18 18205  192.64 .192.53* 19273 0033847 " 303 . 594 201 . 059
309 _2010--_ 19205 19825 195.21  108.67 0.005064 528 38318 13028 42
399 . 3139, 19203 - 197.34 19591 197.88 0.004535 595 . 527.79 13485 529
a9h 4341 . 19205 19819 19857 198.89 0.005032 8.72 64562 14783  8.14
399 5032  192.05 19858  196.91 . 109.38 0005173 717 . 70192 14384 651
399  e8t62 19205 1999 19744 20008 0005484 7.88 78218 15895 7.8
© 399 7459 19208  199.62 - 19809 20079 0005828 ‘868 87398  193.82 7.57
- 399 12311 - 19205 ' 201.35 200.05 202.03 .0005878- 1037 14243 31971 . 93
300. 18 19208 18235 16231 19241 '-0023942 203 887 4209 03
‘390 - 2010 19205 196.38  154.67 15658 0002119 376 = 53474 16142 431
T390 3139 - 19208 19749 19528 197.78 000202 - 437 71895 16883 844
3%0 4341 19208 19838 19584 19878 0.002132 499 - 869.77 17164 6.33
- 380 5032 ' 19208 = 19878 196.15 - 19923 ' 0.002254 538 939.63 173.82 .. .73
390 6162 19205 19938 1968  189.91 " 0.002425 - 582 104498 197.07 7.3
390 7459 19205 - 19994 197.41 2008 - 0.002595 -~ 6.51 - 1169.63 23248 789 | -
390 12311 19205 201.74 19878 20271 0.00288 807 1783.91 _351 42 989 .|

!
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- TABLE 8-2

Hydféullc Data of 100% Design =~

' 'ﬁtv‘e‘§r ta' Q Total . VChE B rws =T CRW.S,

{

EG Elov EG. Siope Vel Chnl Fiow Area Top Width Max Chnt

) L) () _®. m - - em (s) (sqf)) M Dpthi))
2548 18 212 21213 212.13 . 212.19 . 0.04453  1.69 806 ., 709 013
2548 . 2010 . - 212 21874 . 217.03 0002051 4.68 54217 2029 4.74
2543 3130 212 21841 - 2184 0001842 4.88 = 85785 25334 = &.11
2548 4341 212 218017 - 219.36 0001686 84 -~ 1007 27311 701 |
2548 5032 . 212 21882 219.88 0001615 558 123506 27675  7.82
2548 6162 212 - 22026 122065 - 0001585 589 144287 28306 = 826
2548 7458 212 221.0 22145 0001604 - 620 . 18685 31055 ~ 9.01
2848 12311 .. 212 . 22332 .22386 0001512 743 23981 32062 1432
. 1748 18 20864 21206 21206 0.000006 0.12 15585 10189 342
. 1748 -~ 2010 20864 21573 21589 0.000986 3.47 63618 147.76 ' 7.08
1748 3139 ' 20864 217.22 21742 0000003 367 9148 22444 858
1748 4341 20864 21797 21826 -0.001116 441 109386 25011  $.33
1748 8032  208.64 . 21845 21878 0.001152. 469 121845 26111 . 682 ']
1748 . 8182 = 20864 210.47 . 21985 0001168 509 1400.75 ' 27425  10.53 -
1748 7455 20864 219.89 22032 0001243 - 549 1600.18 27947 1125
1748 12311 20864 2224 2227 0.001369 A 67 227882 31518 ~ 1346
1736 18 20884 = 21206 21206 0000003 01 - 18781 10199 342
1736 2010 . 20864 . 21873 21587 0000843 302 = €6813 147.75  7.09
1736 3139 © 20884 217.22 21741 0000805 354 . $4678 - 22443 ' 838 |-
1736 4341 '~ 20884 . 217.97 21825 0001011 428 112583 25009 933
1736 5032 20864 21846 218.77  0.001052 486 . 124981 26108 682 1}
1736 6162 . 20864  210.47 219.53 0.001108° 4.87 . 144132 27424 1053
. 1736 7458 20864 210.89 2203 000196 538 . 16405 27045 1125
1736 12311 - 20884 22241 - 22268 0001303 . 66 .- 2300.82 - 316146 1346
1720 18 20882 21205 209.38 21206 '0.000007 015 11856 6441 313
1720 2010 20882 21548 21335 21583 0.002369 49 45072 11327 €85
1720 3135 20882 2169 21435 . 217.36 0002242 - 87 66135 184985 - 7.8
1720 . 4341 20882 21751 2154 21818 000294 687 . 78208 21016 - 850
4720 5032 20882 217.86 21554 21869 0003034 739 ° 87048 22733 004 -
1720 - 6162 20892 21884 21657 21945 0003052 7.88 © 1040.80 24229 - 972
1720 7459 20802 21935 21801 22022 0003048 835 121568 25232 1043
1720 12311 20882 221 49 21935 - 2226 - 000308 076 17978 20097 1257
1606° . 18 - 207.67 ‘21205. 20849° 21205 0000004 0413 ~ 1393 5577 438
1606 2010 207.67 21507 21289 21552 0002984 661 39321 10527 74
| 1606 - 3139 20767 21630 21424 21704 0003198 683 59561 19162 872
1606 = 4341  207.67 21686 21501 '217.69. 0005427 6.06 62858 16363 889 |
1606 ~ 5032 20767 21606 21539 21810 -0.005578 957 70671 . 19762 929
1606 8162 20767, 21785 215989 21892 0.005993 1044 81955 21284  9.83
1606 7450 207.67 218 21589 21965 0006564 1143 92816 22005  10.33
1606 = 12311 20767 21881 21831 22198 000706 1362 134921 24658 1214
1538. . 18 2065 . 21205 - 207.00 21205 0000001 008 - 19513 5474 555 .
1838 2010 2065 21504 21195 21532 0001663 45 51441 11013 = 854
1838 3139 2065 21639 21319 . 2168 0.002023 . 549 = 68899 14375 . 9.89
4538 4341 2065 21656 21441 - 21727 0003509 ¢ 7.35- 71235 14489 - 10.06
1838 3032 2065 - 21882 215  217.76 000381 . 794 76632 14747 1042
' 1538 - 6162 2065 21742 21501 21845 0.004366 391 84278 18100 1052
- Page1ef7 -
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. TABLEB2

Hydrauuc Data of 100% Deslgn .

., River Sta QTotat MinChEl WSEiev cmws EG Elev E.G. Slope Vel Ohnl FlowArea Top‘Mdth Max Chnl

(cfs) {1 b | M - @m - (fUs) . (sqft) (®) . Dpth (f)
1638 7459 2065  217.85 215641 21018 0.005143 1004 ©16.03 18308  11.35
1538 12311 2065 2188 21838 221.39 0.008925 1428 110063 2058 123
1510 18 20861 21205 20887 21205 0000011 0418 10185 8872 729
1510 2010 20061 - 21382 21386 21541 0014411 911 22073 7376 . ©.06
1510 3139 20061 21476 21476 21653 0015768 107 20328 822 ., 10
1510 4341 20081 . 2165 216 21743 0005008 6.87 = 70743 18748  11.74
1510 5032 - 200681 21687 21501 2176 0005205. 74 ~ 78247 20016 1211
1510 6162 20061 217.38 218545 21828 0005896 829 89685 23076 1262
1610 - 7450 . 20061 21788 21599 . .21893 0006148  9.14 101703 2669 = 131
1610 12311 20061 21922 = 2178 22089 . 000766 11.7 142613 31402 1446
1508 18 20061 21205 20987 21205 000001 017 10507 . 8997 728
1508 2010 . 20961 21382 21361 21507 001363 806 22443 . 7395  9.06
©4508 3139 20061 21489 2147 2165 0017288 1109 28305 8058  9.83
1508 4341 20061 21681 215 . 217.11 0004407 649 71241 18134  11.75
1508 5032 20061 21689 215  217.58 0004616 7.02 78456 19778 1243
1508 ° €162 - 20061 2174 21837 . 21825 0005137  7.93 69243 22233 1264
4508 7459 20061 21788 218 2189 0005635 6.8 . 100222 - 24381  13.12
1508 * 12311 20061 21605 = 217.8 22085 0008164 11.89 132588 2064  14.29
1474 - 18 - 19785 20148 10821 20148 0000008 02 ' 8982 2692 353
1474 2010 197.85 20617 20387 20644 0002565 416 48332 11231 822 -
1474 3130 19795 20763 20474 20799 0002441 485  647.71 11375  0.68
1474 4341  197.85 20803 20545 209.39 0.002417 645 79637 11503 1088
1474  5032°  107.85 20981 20582 21012 0002414 575 87489 1157 1166
4474 8182 197.85 ~ 210851 . 20639 21112 0002533 620 . 7942 11650 1256
1474 7450  107.95 21146 7/ 207.03 21210 0002645 684 10912 117.54 1351
1474 12311 197.95 21506 20809 21584 0002153 . 7.35 , 1898.18 . 267.67  17.11
1466 = - 18 19549 20148 16576 201.48 . 0.000001 - 007 24988  B011 599
1466 2010 19549 ° 20628 . 20076 - 206.38 0000599 257 78222 . 12078  10.79
1486 © 3130 19549 20776 20189 207.92 0000758 326 96162 12226 1227
1456 4341 10549 20008 20344 20031 0000886 3.86 112386 12358  13.59
1466 ¢ 8032 10549 © 20977 20351 - 21004 0000946 416  1209.16 . 12427  14.28
1456 6162 19549 21072 20407 21101 0000954 441 148133 15502 1523
1466 7450 19549 21171 20487 . 21206 0001044 485  1837.34 15022 1622
1466 12311. 19549 21524 20665 21574 0001182 &89 . 231743 26183 1975
1453 - 18 1955 20148 20148 © 6 . - 005 36885 101858 568 |
1463 2010 1955 2063 20638 0.000307 234 965 14196 108
| 1483 313¢ 1955 20778 20791 0.000431 303 121414 14846 1228
14863 4341 1055 20042 . 20029 0000531 361 141272 14989 1362
1463 5032 - 1955 . 200.81 21001 000058 39 151719 15064  14.31
1463 6182 1855 21075 211 0000689 4.37 ~ 165892 15165 1525
1483 7450 1955 21174 21205 000076 484 . 1809.83 15272  16.24
1463 . 12311 1955 21827 21673 0001024 - 6.02 248001 2598 ~ 19.77
1457 18" 1955 20148 20148 0000001° 007 28593 - 10528° 698
1457 2010 1955 20620 . 20837 0000414 253 - 94587 15018  10.79 .
1457 3133 . 1955 20778 . 20791 0000534 319 . 117037 1504 1228
Pogo 217 NR10020Y



TABLE B-2

Hyﬁrauﬂc Data of 100% Design . B

AR100205

RiverSa G Toml MinChEl WS Elev cnt"_—ws EG Elev E.G. Slope Ve cnﬁ Flow Area Top Width Max Chnl] ~
(cfs) - ) " ™ o (v - (V) (sqf) - () Dpth(R) \) .
1457 4341 1955 20041 20929 0000633 = 375 137068 150.59 1361 }
1457 5032 - 1955 2098 21001 0.000881 _4.04 14754 15137 143
1457 6162- 1955  210.74 211 0000776 452 1618.43 15365 1524
1487 74590 - 1955  211.73 .. 21204 000087 5 . 177152 15805 1823
1457 12311 1955 21524 0 21572 0000905 824 24294 21767 19.74
1448 18 197.77 - 20148 19848 20148 0.000011- 018 10872 5955 3
1448 2010 . 497.77 20847 20321 20835 0001428 373 8321 14353 84
‘1448 3139  197.77 20784 - 207.89 0.001441 438 84512 14584 9.87
1448 4341  107.77 20885 209268 0.001485 489 103921 14859  11.18
1448 5032  197.77 20964 20998 0.001478 . 518  1141.82 149.74  11.87
1448 8162  197.77 21058 © 21097 0001561 . 583 128032 15127 1279
1448 7459  107.77 2118 ‘21201  0.001787 633 . 1432906 17264 13.73
1448 12311 19777 2151 2157 000143 888  2150.77 23743 . 17.33
419 18 - 201 . 20143 201.47 0.008218 = 1.64 1099  34.98 0.43
- 1419 2010 20 20557 20823 0.003838 88 3108, 9352 487
1419 3139 - 201 20883 20777 0.003281 .« 743 | 44547 1042 @ 593
1419 4341 201 - . 2081 209.14 0.003128 828 57341 1242 74
1419 85032 201 20878 209.88 0002841 853 65639 12553 V.76
1419 - 6162 . 201 20955 210.83 0003032 928 75825 13486 855
1419 7459 201 21048 21188 0003238 973 89362 15214 948
1419 12311 201 21448 2158 0001778 9.09 = 1673.18 24547 1348
1389 18 2005 - 20083 20082 200.83 0023242 248 728 3341 0.33 -
1369 2010 2005 20476 20432 20594 0007319 87 2313 8752 - 426
1369 3139 200.5 . 20821 20848 207.5%1 0.005569 927 38237 9881 5.7t
1369 - 4341 2005 20747 20854 20891 0004681 9.85 - 48965 10791 897 .
1369 5032 - 2005 .20812 207 209.63 0.004336 1018 58397 119 762"
. 1369 6162 2005 20893 2077  210.81 . 0.004308 108 68032 119 843
1369 7459 . 2005  209.83 - 20868 211.83 0004435 1131 76745 1251 933 |
1369 12311 2005  214.55 21137: 21548 0001369 803 179678 25775 1405
1310 18 199 - 199.42 ,199.4: - 199.55 0.025163 291 8.19 2382 042
1310 2010 199 20479 ' 208.52  0.003447 ' 853 3082 7871 . 579
- 1310 3133 199 20847 20717 000339 843 41863 8939 . 7.7
1310 4349 199 20738 20861 0003402 913 ~ 55214 12758 838
1310 5032 . 199 208.07 -+ 209.34 0003229 941 64471 14124 907 \
1310 8162 199 20894 21027 0003572 979 77263 . 15215  9.54
01310 7459 . 199 20998 . 21126 0.003115 = 9.88 8455 18224 10.98
1310 12311 109 21447 215.38 0.00124 820 184742 22363 1547
1184 18 198 198.83 108.64 oooossa 083 2175 . 3528 ' 063
1184 2010 198 204.37 20508 0.0033t 878 20747 = 67.87 .37
1184 . 3139 198 20872 208.73 0003423 809, 39934 9051 772
1184 4341 198 208.94 20818 0.003386 - 9.04 52244 1103 = 8.94 .
1184 5032 © 198 207.75 208.93  0.002905 9 - 63297 148 875
- 1184 8182 . 1908 208.68 209.85 0002533 905 - 77079 . 148 1068 |
1184 7459 108 20071 - 21091 0.00213* 854 52445 148 -, 1171
1184 . 1231% 188 - 21417 21523 0000891 742 = 168328 179.14 1847 \_)
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- TABLEB2
Hydrautic Data of 100% Design

'u,i*‘l‘.

Mln ChEl WS Elev  Crit W. S - Elev E.G. Sk Slape 'Vel Chnl Fiow Area Top Width Max crml

(cts) @wm. - w ") M - o (s)  (safy R Dpth ()
1170 . 18 188 . 19861 . 19863 0001028 0.6 18.7 34.04 0861 .
1170 2010 - 198 204,34 20503 0.003198 667 3014  €8.02 6.34
1170 3139 198 2057 20668 0.003255 785 40387 89.93 .7
4170 4341 198 - 20801 20812 0003246 882 52579 10995  £61
1170 8032 . 198 . 207.71 . 20889 000282 884 63404 148 971
1170 6162 - 198 ' 20864 20081 0.00248 $03 77185 148 1064
1170 - 7459 - 198 200.68 21088 0.002088° 894 92624 = 148 1168
1170 12311 188 - 21418 21522 0000878 745 16877 179013  16.16
1103 18 198 19820 19820 19842 0025662 (205 611 2324 = 029
1103 . 2010 188  203.88 - . 20477 0.004199 755 - 26611 €081 - 888
1103 - 3139 198 - 205.08 . 20639 0004636 92 = 35239 8264  7.08
1103 . 4341 - 188 2068.11 . 207.81 0004987 10.88 - 441851 - 9107 8.1
1103 5032 ° 198 = 206.79 20857 0.005205 109 - 5084 . 10401 879
1103 6162 198  208.13 - 209.50 0.003587 1013 = 70373 15589 1013
1103 7459 - 188  .200.42 . 21072 0002501 -9.38 91035 16508 1142
1103 12311 . 198 - 21420 21509 0.000867 643  2008.21 24096 = 1629
1018 © 18 187 -~ 19826 10826 0.000289 061 2051 4120 1.26
1018. 2010 = 197 = 203.87 20442 000209 886 337456 6548 €.87
4018 3139 . 197 2059 205687 0002576 7.51 41887 67.41 8.1
-1 1018 4341 . 187 2061 . -207.34 0003065 885  491.88 11601 0.1
. 1018 5032 197 20683 - . 2081 0002871 947 61075 21335 - 983 |
1018 8162 197 20843 . 20819 0.001441  7.33 - 104254 206838 1143 -
1018 7459 ° 187 . 200.77 . 21039 0000895 63 145566 34088 1277
1018 12311 107 21485 - 21493 0.000237 442 328725 ' 447 17585
1000 - 18 196.37 19826 - 19826 0.000054 039 4628 - 3579 1.89
1000 2010 - 186.37 © 20383 . 20438 0002178 597 33713 €732 - 746
1000 3139 19637  205.05 20582 0002643 T49 43104 8852 = 868
1000 4341 10637 206.09 20726 0003286 877 853404 11627 872
1000 - 6032 18637 20682 20803 0003018 889 64510 1898 1045
1000 6162 10637 20844 200.15 0.001529 - 728 110564 33878 1207
1000 TS0 . 186.37  209.86 21033 0000867 6.04 184784 43565 - 1349
1000 12311 19637 = 21463 21489 0.000152 324 | 390364 49081 1826
- 993 18 10637 198.26  198.26 ooooma 038 4945 3914 189
§93 . 2010 - 196.37 203.83 . 20436 0002099  5.85 - 34244 €805 = 746
- 093 3139 - 18637 20505 .. 20589 '0.002552 7.37  437.51 - _83.01 8.68
993 . 4341 19637 208.09 s . 20723 0002027 865 84012 11087 072
993 . 8032 10637 - 2068 1 208.01 0002815 - 867 64401 19558 1043
§93 6162 10637 20842 . 20014 0001474 733 1102.18 ' 33808 1205 |
- 993 7450 19637  200.85 .. 21032 0.00084 607 184685 43513 1349
© 883 12311 19637 21464 21483 0000148 323 303022 49781 -18.27
$82 18 1965 19826 19695 19826 0.00004 = 0.33 8414 4279 - 176
.982 - 2010 1965  203.86 . '20432 0001755 542 37146 7317 136
982 3139 - 1865 20512 " 20583 0002114 L 678 47435 9189 - 862
982 - 4341 1065 . 206.18 20716 0002418 796 -581685 11402 968
982 6032 1966 ' 2069 20783 0002339 828 ' 68334 188.81 .. 104
982 8162 1965 - 2083 20042 0DOIGID  7.66 102562 28289 11.8
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_TABLE B-2

f[Riversta Q7otal MnChEl WSElev CitW.S. EGElev

. Hydraulic Data of 100% Design

AR100207

EGEiev G, Siops Vel Chni Fiow Area Top VWidth Max'cm'"l =
) (R) (f/s) (saf (M Dpth (%)

 {cfs) - m . - ®
982 © 7459 . 19835 20971 - 2103 0001002 68 147257 32869 1321
882 12311 1985 21448 214.88 0.000297 ¢ 457 320245 40444 1758
905 ~18 - 188 - 198.19 198.24 0015513 189 954 5113 018 .
- 908 2010 198  203.74 20418 0.001844. 548  360.52. 78.99 LR 2 I
905 - 3139 198 20495 - 20568 0002168 879 47042 829 895 | -
805 4341 198 20597 - 20898 0.00249 801 55867 8582 ' 7.97
] 5032 198 . 20863 - | 207.73  0.002504 < B47 81401 8852 - 863
905 8162 198 2079 . 20898 0.002038 845 ' 8257 22285 - 99
905 7459 198 20941 . 2102 0001202 748 121276 28265 1141
905 . 12311 ° 188 . 21435 21486 0000424 553 282688 36813 - 18.38
854 18 1972 197.44 1975 0014138 189 905 3954 024
854 2010  197.2 20387 20408 0001451 541 = 3958 7.7 647 |
' 854 3139 1972 2049 - 20554 0001818 645 49421 818 - rr. |
854 4341 197.2 - 20591 120882 0002167 7.7 57818 8472 . . 8.7%
854 5032 1972  208.58 .207.59 0002215 819, . 63443 B7.24 . 938
. 854, 8162 1972 20785 20884 0002177 88 - 75433 14107 1048
854 7459 1972 20884 : 21007 0001888 9.11 97989 ~ 24338  11.64
" 854 12311 . 1972 21425 2148 0000657 . 693  2677.08 35348 = 17.05
ST .18 198 197.43 197.43 0000175 055 ~ 3272 3865 143
777 2010 198 2035 203.95 0001702 8541 371.75 7269 78
77T 3139 198 20464 ', 20538 0.002201 891 45685 7556 8.64
™ 4341 198  205.54 '208.62 0.002718 833 52571  77.08 9.54
- m 5032 198 208.18 207.38 0.002787 883 57395 7833 10.18
777 8162 196 20721 20862 0002772 955  657.37 8043  11.21
t4 7459 196 - 2082 - 1200.84 0.00285 10.34 76181 18398 122
T 12311 198 21389 21472 0000961 818 . 219052 38241 1789 |-
755 . 18 198 19743 . 19743 0.000094 - 048 3924 3514 143
755 2010 - 198 20343 20391 0.001848 . 558 ~ 38163 6778 743
- 758 3139 198 204.51 20532 0.002501 722 43802  69.11 8.51
755 4341 198 20532 - -'208.54 0003259 B88 49197 6952 @ 932
755 5032. 198  205.89 207.3 0003428 9.5t .- 53188 69.82 9.89
755 8162 196  208.87 20853 0.003515 1034 602 7523 1087
755 7459 198 20778 . 209.74 0003768 1135 - 67183 8783  11.75
"755 12311 196 . 21387 21468 000131 918 ' 1780.63 303.88 . 17.57
742 . .18 - 198 19742 19639 19743 0.000068 058 3115 2027 1.42
742 2010 198 20318 2013 20387 000133 673 20874 6312 7.6
742 31390 . 196 20407 20258 20525 000175 872 35088 . 69 8.07 .
742 4341 - 198 2045 - 203.82 20843 0002597 11.15 38028 €9 35
742 5032 . 196 20497 2043 20718 0.002737 1182 . 422112 70 887
742 8162 198 208 20515 20841 0002873 1246 49485 70 10
742 7459 196 . 205.88- 205.97 - 209.54 0004255 1513 49293~ 70 - 9.98
' 742 12311 198 21337 20003 . 21463 000068 ' 939 14218 618 17.37
725 18 198  197.42 197.43 - 0.000035 ' 045 40.37" 3597 142
725 2010 198 2033 . 20375 0000767 539 37208 7427 73
725 31390 - 198 . 2043 20508 0001068 699 44882 78 - 83
- Page8of?7



SR TABLEB-2 :
Hydraullc Data of 100% Design
, 4 | PR L ' .
‘ EIV ﬁ QTotal Mln ChEl WSElav cmws EG Elev E.G. Slope Vel chnl F FlowArea _Top Width Max Chnl]
~ o . m ® .  ®  m e . (sah @ Dpthw |
o 725 4341 196 - 20488 - - 206,08 0.00154 88 49345 7 8.88 -
725 - 6032, 196 205.11 20682 0001852 084 51123 77 - 811
725 . 8162 - 196 = 20538 . - 20747 0.002451 1188 83205 T 938

725 © 7459 196 20411 2051 20869 0.006697 1718 43418 .76 811 -
725 42311 196 207.84  207.84 21236 0003763 17.06 ' 72275 8425  11.84

CTME 18- 196 . 19742 . 19742 0000061 039 - 4666 3953 142

| ™8 2010 186 20326 . © - 20385 0001535 - 503 399.78 7879 7.28
75 . 3139 - 106 204.25 | 20482 0002189 &6 47547 TI35 2 825
M5 4341 196 . 2048 - 20589 0.003207 837 51844 7747 88
TI5 8032 196 205.01 * 20639 0003914 941 83466 7751 901
75 6162 106 205.23 . 20747 0005323 1117 85167 7755 923

T8 7450 - 186 20387 20471 20832 ‘0016840 1731 - 431 7685 767
M5 12311 196 20567 20737 21231 0018621 ' 2021 6094 777 697

65 18 19633.'-. 19741 . 19742  0.000356 076 2385 2744 108
848 - 2010 19633 20179 20179 20333 0008785 1035 24041 6517 546
: 3130 19633 . 2033 - 2033 20461 0.007184 1008 80476 206.83 - 6.97
4341 - 10633 20395 20306 20551 0008338 1125 64014 22898  7.63

5032 19633 20432 20432 20588 0008325 4478 73344 23675 7.9

- 6162 19633 20485 20485 20565 0008384 1257 86223 - 24761 .52

7450 18633 \ .2054 2054  207.41 0.008473 1338 100142 25543 907

12311 19633 20711 20683 . 21042 (0005708 1669 145233 . 37766  10.78

645

845

645

645

845

846

652 18 19417 19741 ., 19741 0000011 0.19 9337 4745 324
862 2010 - 184.17 - 19826 189.31 20172 0.04453 1482 13472 4879 © 409
852
862
852
852
862
862

o/

\ 3135 18447 19981 20053 20326 0.031146 ¢ 1533 20470 6504 544
4341 19447 201456 - 2023 20443 0015485 139 ° 33675 1277 . 729

5032 . - 19417 20223 20287 20502 0012541 1367 45849 18233 . 8.06

6162  194.17 © 20313 20361 20581 0.010851 13.78° €349 21165 = 896

T 7459 19447 20388 20442 - 2066 0.000488 1402 83028 24555  0.81

| 12311 10447 20688 206.88  209.08 0006271 14.03 . 171746 39605 1271
b e 18 193 19741 19741 0000004 © 044 . 13202 4942 1 441
o 479 2010 193 19988 ' 20086 0005645 7.56 265956 58583 6.8
L 479 3139 193~ 19982 - 199.81 20213 0.014303 1195 - 2626 6575  6.62
SR 475 4341 . 193 20141 20168 - 20347 0.000787 1185 490.35 22187 841
476 5032 193 20214 20218 20397 0007968 11.51 = 66352 25541  0.14

4789 6162 193 20294 202.85 20488 0.011839 1408 €6513 25571 9.4
479 7458 - 193 20267 20297 20566 0012371 1507 806.04' 28041 = 9.67

478 12311 193 20383 20545 20808 001563 1881 122729 35431 1093

- 485 18 - 18274 10741 19741 0000002 01 17469 6089 487

485 2010 - 19274  200.19 : 20069 0002785 = 571 85193 6735 745

o 465 3130 18274 20081 20167 000528 - 825 38207 8144 = 7.7
S 485 4341 19274 18885 = 199.89 203.03 0031288 1642 2644 6389  6.11
] 485 8032 19274 19966 20057 20357 0.02408. 1588 31684 65858 6852

: '} 485 8162 19274 20089 20242 20458 001734 1542 40823 - 10048 845
Co .. | 485 7458 19274 20179 20305 20541 0.014678 1588 61725 26967  9.05
v | 465 12311 - 19274 20322 - 20461. 207.84 0018448 1871 107625 33618 1048

' 'Page‘soﬂ'
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TABLEB2 = .
Hydraulic Data of-1(_)0% Design

(cfs) (M ")

RiverSta QTotal MinCh El WSElev cmws EGEIev EG Slope Volcml Flow Area Tole MaxChnl] ~ -
M em ey  an LYY

18 - 194 - 19741 15422 187.41 0.000002 0.1 158.88 78.12 -~ 3M

433
433 20100 154 20027 . 197.75 . 20058 0.001911 439 49699 11281 627
433 3139 184 20084 19873 20139 0003153 800 ' 58179 11452 . 6.84
433 4341 194 20124 19064 20213 0004671 7.78. 6402 25748  7.24

433 5032 194 ~ 20130 200 20281 0005692 874 . 67953 26409  7.30
433 - 6162 194 19924 20054 20371 0038238 173 38367 10522 524
433 7459 194 19987 20168 2048 0035085 17.82 45268 11088 - 587
433 12311 194 20244 20378 20725 0.020213 1812 88878 311756 844
413 18 1935 15741 1941 19741 0.000008 042 15068 §821 391

413 - . 2010 © 1935 20029 19824. 2005 0.001703 - 38 62801 23047 6.79
413 3130 . 1835 20002 19899 - 20127 0002309 497 78838 257.78 . 7.42 -
S 413 4341 1935 20142 19973 201.04 0003158 81 © 2202 . 29088  7.92:
413 5032, . 1935 . 201685 20005 20227 0003812 672 08962 30747  B8.18

413 8162 1935 10982 20055 20259 0030136 1414 4821 . 19385  B.42

413 7450 1935 19984 201 - 20362 0035504 1801 52588 21072  6.34
S 413 12311 1835 20148 2028 20868 003358 1928 76244 245982  7.68

-] 18 19208, 19264 . 19283 19278 -0.033847 303 554 201 . 0.59
1399 2010 - 19205 19825 19521 19667 0005064 525 38318 13026 4.2
399 3139 19205 197.34 19591  197.88 0.004535 - 595 52779 13495 529
399 4341 19205  193.19 10657 . 198,89 0.005032 672 64362 14783  6.14
,399 5032 19205 19856 19891 199.38 < 0.005173 747 70182 14884 - 651
399 8162 192058 1904 19744 20006 0005484 7.88 78218 15895  7.08 L
399 7459 19205 19962 < 198.09 20079 0005825 868 - 87388 19382 767 N_J .
399 12311 19205 20135 . 20005 . 20293 0.005878 ‘°~37, 14243 3971 93 |

300 18 19208 19235 19231 19241 0023942 © 203 - 887 . 4200 03
3200 2010 19205 19838 19487 19658 0002119 376 53474 16142  4.31
380 3139 19205 19740 19528 197.78  0.00202 . 437 71895 16883  5.44

300 4341 19205 108.38 19534 19878 0002132 499 = 860.77 17164 633

390 5032 19205 19878 196.45 19923 - 0.002254 538 - 93983 173582 673
380 6182 15205 199.38 1986  100.01 0002425 592 104495 197.07  7.31
330 7459 19205 19984 19711 2008 0002595 651 116983 23248 . 7.80

390 12311 19205 20174 19878 20271 0.00288 807 . '1783.91 35142  9.60

Page 7 of 7
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' ATTACHMENTC

~ MODELING DATA

' CURRENT CONDITIONS

- ARIQD32|



 HEC-RAS Version 1.2 April 1996~ ;
.. U.S. Amy Corp of Engineers R :
. - Hydrologic Engineering Center
. 609 Second Street, Suite D
Davxs, California 95616-4687 . - -
(916) 756-1104 -

T T T P P P P T P P P TP TP T TP PP TP

T .E

’ PROIECT DATA '
" Project Title: Little Elk Creek Bxxstmg Condmons
 Project File : currentpj - -
RunDate and Time: 3/9/98 10:15: 36 AM a

Pro;ect in Englxsh units

i.ttttt#*t#it“‘#“‘#i#*‘#t*#.t#i‘t‘#‘#*t‘**##lttl!tl#tttitﬁ“##ttt*‘*‘*t*#tt‘

. L

~ PLAN DATA |

' Plan Title: Plan 01 .
‘Plan File:c \Junk\ex:sung\current.pOI

" Geometry Tile: Plan01 :
- Geometry File ; c\jtmk\cxxsnng\cm'rcnt.pm |

FlowTile :Plan0l |
. Flow Flle c\;xmk\emstmg\cumnt pOl

Plan Summary Information: 5 o '

© Number of: Cross Sections= 39 Mulitple Opemngs- o
Culverts = 2 InlineWeis = 0

AR1G0322



: 'Bridges = 2
Computational Informatmn S
Water surface calculation tolerance = .01 .
Critical depth calculaton tolerance = .01
~ Maximum number of interations "= 20 .
Maximum difference tolerance = =3 -~~~ . .
\. Flow‘ tolcrance factor . =001

Computatxonal Flow Regu:nc Mxxed Flow S

‘ EncroachmcntData None

| ~Flow sttnbutlon Locatxons Nonc =

7‘tttttt#ttttttt!tttttﬁtlltttttttttttttttl!tttttlHHllttttttllltttttlﬂl#tﬁlttttttttt#tt
"% : : : . '

FLOW DATA

Flow Title: flow -
Flow Fxle c: hunk\emsnng\current for

Flow Data (cfs)

.uunuuuutuuuﬂtunntnutnu"ut"nuuuuntuuuuuuuuu
SRRRARERENS

*Reach RivSta* PF#I PF#2 PF#3 ‘PF#4 PF#5 PF#6 PF¥#7 PF#8* -
-uttu¢uuunuuuuumutnuuunuuu"unn‘utuunnuuutuuu :
ARERESRRRNR : : :

~ * Little Elk 2548 J 18 2010 313'9 4341 '5032 6162 7459 12311"'

“"##0100#.itt#‘#ttt#t##t‘#t#t####ttt##!tttt###tt.‘.##tttt‘t#tlt.l#*.t#tt###t'
SREREERRDEX ’

 Boundary Conchtxons ‘ S
““‘t‘#“*it‘i**‘““0“..“#'.‘t‘t‘*i‘.t.t‘#“-‘tﬁtitlt‘t.’*.“".i.t*‘..‘
*Reach - Profile* Upstrcam - Downstream  *

"‘“"“"##“.‘t."‘.‘.‘#***Q“tt..#"ﬁ‘t‘“.*"‘.“..."*‘*..*“t".t‘i*‘
*LittleElk - 1% NormalS' 004  NomalS= .004* '
-~ *LittleElk = 2* Normal S = .004 Normal $S= .004*
* Little Elk 3*  NomalS= .004 Normal S = 004 *
- *LittleElk 4% Normal S = 004 Nomal S= .004*
- *LittleElk 5* NormalS=.004. ~NormalS= .004%
*LittleElk  6* < Nomal S= 004 : Noimal S= 004 *
* Little Elk 7*  NormalS= 004  NormalS=:004*
* Little Elk. 8* ° NomalS= 004  NomalS= ,004*

‘ ‘Q‘i#'O#‘.ttttt#.'tttitt.tt##‘t‘il‘t‘tt.‘0#‘tit‘t#lt.t.t'l“.‘t###‘i.‘t..t“

Afi'i:oosza/v



. R

B T T Y T YT S

T
GEOME‘I'RY. DATA

| . Geometry T:tle cxlstmg .
Geomctry File: c\;unk\cxxstmg\current g0l

| .CROSS SECTION INPUT Reach thtle Elk R.wer Statlon 2548
' Dcscnptlon. Stream X-Sectlon 25+48 '

Statxon Elevauon Data. num = 60 . '
~ Sta, Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev
.4 272 12 211 22 210 27 269 33 . 268
- 43 7266 45 265 49 263 51 262 60 261
72 260 79 259 86 258 108 254 113 253
123 250 128 248 132 247 140 246 145 245
155 244" 165 240 167 239 170 . 238 180 234
182 233 191 230 197 227 201 225 203 224
205 -223 210 219, 213 ' 218 218 "217 232 216 |
235 215 240 213 246 212" 265 212 316 212 :
317 213 318 214 374 ‘215 383 216 395 216
435 217 464 218 483 219 489 220 518 221
524 223 527 224 535 225 539 226 562 234
577 ‘235 620 236 623‘ 237 639 245 642 246

Manmng'anaIues, num = 3 :
Sta. Value Sta. Value Sta Value
-4 05 235 04 318 05 ‘

‘Barik Sta: Left Right Lengths: Lo Channel mght CoeﬁContr ‘Expan,
25 318 300 30 80 1 3 - .

CROSS SECTION INPUT Reach Litile Elk Rwer Stanon. 1748 .
Dcscnptmn. Stream X—Scct:on l7+48

Stanon Elevat:on Data, num-62
Sta. Elev. Sta. Elev. Sta. Elev. Sta, E!ev Sta. Blev
4 22 12 211 .22 270 27 269 33 268
43 266 45 265 49 263 51 262 60 261
- 72 260 79 259 86258 108 254 113 253
123 250 128 248 - 132 247 140 246 145 245
-155 244 165 240 167 239 170 238 180, 234
182 233 191 230 197 227 ©201 225 203 224 -
205 223 210 219 213 218 218 217 232 216 '

o aR100324



‘235 215 240 213 246 212 265 212 266 2105
305 208.64 327 211.14 369 213 370 214 374 215
383 216. 395 216 435 217 464 218 483 219
- 489 220 518 221 524 223 527 224" 535 225
- 539 226 562 234, 577 235 620- 236 623 237
. 639 245 642 246 - ' ' |

Manmnganalucs num-3 L
. Sta. . Value Sta. Value ‘Sta. Value
4 06 0235 - .04 374 05

 Bank Sta: Left R:ght Lengths Leﬁ Channel ~Right - Cocﬂ'Contr Expan
LB M 12 RIEETER N 3

CROSS SEC’I’ION INPUT Reach: L:ttleEtk chr Statxon 1736
* Description: Stream X—Scctlon 17+36 .

.. Station Elevanon Data, num-64 S .
- Sta. Elev. Sta, Elev. Sta. Elev. Sta. Elev. Sta. Elev. =~
"4 272 12 271 22 270 27 269 . 33 268

43 266
72 260

123 250

155 244

182 233
205 223

45 265
79 259

128 248

165 240

191 230

210 219

49 263 51
86 258

132 247

1167 239

197 227
213 218

108 254
140 246
170 238

. 262

201 225
2i8. 217

60 261
113 253
145 245
180 234
203 224

232 216

246 212 248 211 2545 211
305 208.64 - 327 211.14 369 213
395 216. 435 217
518 221 524 223
562 234 577 235
642 246 |

235 215
255 212
370 214
464 218
527 224
620 236

240 213
1256 210.5
374 215 383 216
483 219 489 220
535 225 539 226
623 237 639 245

‘{Manmnganalucs, num=3
Sta. Value Sta. Value Sta. Value o
4 06 235 .04 374 05

© BankSta:Left Right Lengths: Lef Channel Right Coeff Contr Expa.n
B M 6 16 16 0 3

‘CROSS SECTION INPUT Reach: Little Elk Rwer Sta'aon 1720
'Descnptlon Stream X-Section 17+20 :

- Station Elevatmn Data, num = 75

Sm.Ekv Sta, Elev. Sm.Ekv Sta, Ekv Sm Elev.

" AR100325



2 213 8 272 19 211 27 270. 33 269
40. 268 45 267 50 266 54 265 57 264
68 “263 75 262 81 261 86 260 156 246
162 245 169 244 172 243, 174 242 179 241.
. 182 240 186 2397 190 238 192 237 197 236
200 235 203 234 206 233 213 229 216 228
220 227 224 225 227 222 230 221 - 235 218
244 217.06 246 217 250 214 254 212 255 21141
261 210.83 264 211.19 266 212 267 213 268 214
269 - 215 272 214 273 21591 274 216 289 216
290 21535 292 ‘215 296 213 331 208.92 368 211.02
. 369 213 371 .214.5..374 _.215. 383. .216..395 216
435. 217 464 218 483 219 439 220 518 221
524 223 527 224 535 225 539 226 562 234
577. 235 620 236 623 237 639 245 642 246
Manmngana!ues, num-3

Sta. Value Sta, Value  Sta. Value
2 06 292 04 374 05 :

Bank Sta. Left R!ght Lengths: Leﬂ Channel Right Cocff Contr Expan. o
| 0292 374 - 114 114 114 1 3 o
Left Levee Statxon- 292 Ele’vatlont 215 '

CROSS SECTION INPUT Reach: Lmle‘ Elk R.wer Statxon 1606

. Description: Stream X-Section 16+06.

StanonBlevauonData,\num-S'I B ' .
St Elev. Sta. Elev.” Sta. Elev.. Sta. Elev.. sta. E!ev
.1 .273 10 272 17 2711 23 -270 027 270
©33270 48 267 56 266 64 265 78 263
87 262 97 261 102 260 105 259 116 257
. 160 247 200 -237 205 236 208 235 . 211 234
221 227 226 227 239 227 242 226 243 225
246 224 249 223 253 219 255 218 262 21724
263 217 265 216 268 214 270 212 272 211
© 273 21047 278 210.08 282 209.98 283 211 ' 287 215.79
288 216 300 216. 305 215 307 2146 312 215
330 216 335 216 341 21556 345 ‘215 348 214
350 213 351 211.06 379 207.67 406 211.72 407 213,
408 214 410 2146 411 215 424 216 426 217
4357 217 438 216 454 215 462 215 467 216 -
- 470 217 475 218 485 219 494 220 501 222
512° 223 521 223 .531 223 542 223 544 222
545, 221 547 220 548 219 552 219 554 220

© AR100326



Station Elevation Data, _pum - 84

s68 . 221 604 222 626 224 67 225 640 226 ,
68 227, 62 227 . R

Mannmgang!ues, num-=3 B
$ta. Value Sta. Value Sta. Value . U _
.1 .055 345 .04 411 .08 ) I

-Bank Sta Left nght Lengths Leﬁ Channel R;ght Cocﬁ‘ Conu' Bxpan |

'345 411 68 68 68 13

LeftLeve Sation= 345  Elevation= 215

CROSS SECTION lNPUT Reach thtle Elk. . R.wcr Stanon 1538
Descnptnon Strcam X-Sectlon 15+38 : '

o Stanon Elevanon Data, num =60

Sta. Elev. Sta, Elev. Sta.. Elev.  Sta. Elev Sta. Elev.
10 272 58 266 63 265. 69 264 76 263
84 262 94 261 99 260 102 259 120 256
161 248 168 246 176 244 190 239 200 235
209 230 210 229 214 227 217 226 221 225
231 222 245 .22]1 248 220 263 219 269 - 213

S 2737 211 284 210 296 210 298 211 302 215

305 215 308 215 329 216 333 216 335 215
342 214 345 213 346 212 354 2105 374 2065
388 207 400 210 401 213 402 214 403 215
407 216 413 217 443 218 472 217 505 218
535 219 574 221 581 222 588 223 593 223
616 223 622 . 224 642 230 651 234- 668 236

‘Manmnganalues, num-3

- Sta. Valuc Sta. Value Sta. Valuc
10 055 333 04 407 .08

Bank Sta Leﬁ R:ght Lcngths Leﬂ Cham;el nght Coeff Contr Expa.n.
333 407 - 28 28 28 g3 _
Left Levee - Station= 335 Blcvatlonﬂ 2!5 ‘

" Blocked Obstructions, num = 1

Stal StaR Elev

T Ty AT T T

456 516 223

-CROSS SECTION lNPUT Reach thtle Elk R.wer Stanon 1510
_ Descnptxon Strcam X-Section 15+10 -

AR100327



© Sta Elev. Sta Elev. St Elev. Sta Elev. Sta Elev.
1. 273 - 8 272 51 266 61 265 67 264

83 261 91 260 164 243 170 247 175 246
197 229 220 221 225 220 232 219 242 218

247 218 248 21749 255. 217 259 216 261 . 213
262 211 264 211 266 211 269 .210 270 209

271 208 273 207 274 20476 277 207 281 208
283 20639 284 209 286 210 287 211 293 217

204 218 - 295 218 296 217 ‘297 216 298 215.14

303 216 304 217 306 217 307 216 317 215
1327 21485 330 214 336 213 343 21207 348 21097
1349 209.61. 373 209.61. 388 21095 402 21144 4033 212.84

404 213 405 214 411 215 416 216 433 217

443 213 453 218 505 216 533 217. 559 218.
573 219 575 220 576 221 578 222 581 223

1592 224 593 224 597 223 598 223 601. 223

620 223 626 224 630 225 635 226 638, 227
642 228 646 229 648 230 664 240 o

'Mannmganalues, pum = 3 | .
~ Sta. Value Sta. Value Sta. Value
1 - 06 307 .04 416 .05

. Bank Sta: Leﬁ R.lght Lengths Leﬂ: Channel Right Coeﬁ' Contr
- 307 416 2. 2 2 Jd 3
Left Levee  Station=" 317 Elevatlon- 215 i
Blocked Obstructions, num=1 . -
Stal. StaR Elev

Lhad L l.tttttt‘t‘tt‘ittt‘

¢ 461 490 221

,Expam”

' CROSS SECTION INPUT Rcach. thﬂe Elk Rlvcr Stauon 1508 .

chnpnon Strcam X-Secnon 15+08

o Stanon Elevation Data, num =36

" 'Sta. Elev. Sta Elev. Sta. Elev. Sta. Elev. Sta. Elev.
1 273 .8 272 51 266 61 .265. 67 264
83 261 91 260 164 248 170 247 175 ' 246

197 229 220 221 225 220 232 219 242 218 .
247 218 248 21749 255 217 259 216 261 213

262 211 264 211 266 211 269 210 270 209
271 208 273 207 274 20476 277 207 281 208

' 283 20639 284 209 286 210 287 211° 293 217

294 218 295 218 296 217 297 216 . 298 215.14
- 303 *.‘2!6 304 217 306 217 307 216 317 215
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327 21485 330 214’ 335 213 343 21224 349 209,61
373 209.61 388 210.95 403 21144 403.5 212.22 403.8 212.68 .
4039 21284 404 213 405 214 411 215 416 . 216
428 220 435 220 448 218 453 218 505 216
533 217 559 218 573 219 575 220 576 221

578 222 581 223 592 224 593 224 597 223
508 223 601 223 -620 223 626 224 630 225
635 226 638 227 642 228 646 229 648 230
664 240 | R

‘Manning's n Values, oum=3 . . o
“Sta. Value Sta ‘Value ‘Sta; Value - - - - . 0
106 307 04 46 05 o

Bank Sta: Left Right Lengths: Left Channel Right Cocﬁ'Contr Expan
307 416 @ 34 34 ‘34 13 _

" LeftLevee ' Station= 317 Elevatlont 215
Blocked Obstructions, num=1 T

- StaL- StaR Elev .-

SEABIRREERESRRER RIS EERAS

461 450 221

/-‘,. :

CULVBRT INPUT Reach Little Elk vaer Stat:on 1491
- Description: Upstream Dam (Bridge #4) B
- Distance from Upstream XS= |
Deck/Roadway Wldth = 32
. Weir Coefficient ™ = 26
- Bridge Deck/Roadway Skew - s
Upstream Deck/Roadway Coordinates, num = 7 S
.~ Sta. Hi Cord Lo Cord - Sta. Hi Cord Lo Cord - Sta. Hi Cord Lo Cord
#tti.tt‘##*‘“.itil‘t#'#‘t'i‘t.‘.**t#tlttit‘tllt‘.t‘tt‘tlttttt#t#‘tittt.
320 21224 190 335 21224 190 350 212. 02 190
374 21153 190 388 212.04 190 403 212. 52 190
.. 419 21252 190
Downsmcam DecldRoadway Coordmates, num-9 .
.~ Sta.Hi Cord Lo Cord Sta. Hi Cord Lo Cord Sta.HxCordLoCord . :
‘#t#O"‘.#*‘tt#'#"‘.‘*l#t"!‘.‘.Qtt‘t.'#“*t#t.‘.“"“0'##*‘0.*.#.‘0‘*
300 214.59 190 333 21459 190 333 21282 190. ‘
336 21257 190 342 21283 190 350 212.17 190
382 212.78 190 396 21322 190 436 213.83 190
‘Elevanon at which weir flow begins -~ = .~ -
- Maximum allowable submcrgcnceforwexr flow= .95 | :
g Submergencc cntena Broad Crcsted C e

lgr_umberofcmvens-,:_
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o Statlon Elevatlon Data, num= 70

CulvertName Shape Rise Span
- Culvert #1 Box I 11 .

FHWA Chart # 16- Corrugated metal box culvert |
FHWA Scale # 2 - Thick wall projecting’ -~
- Culvert Length nValue Entrance Loss Coef Eanoss Cocf

. 32 . 5 T
Upstream Elevation= 210 - =~ .

. Centerline Station = 368 oo

DonmstreamElevatxon- 207.58 o S

" Centerline Stanon- 376 o :

CROSS SECTION lNPUT. Rcach Litle Elk .. Rlvc: Statxon¢.1474
Description: Stream X-Secuon 14+74 _
Station Elevanon Data, num-53 - - | o

Sta, Elev. Sta. Elev. Sta. Elev, Sta. Elev. Sta. Elev. -
.7 270 43. 265 - 55 263. 69 261 73. 260 .

92 256 127 250 158 247 163 246 170 . 245
183 243 196 234 219 231 ‘224 219 228 218 '
232 217 242 216 249 214 263 214 269 ' 207.

0273 206 275 205 276 204.1 284 204.1 291 205

293 206 297 216 300 217 307' 217 312 203
393 203 394.197.95 418 197.95‘ 430 217 440 214

' 480 214 530 215 557 216 573 ‘217 577 218

582 220 585 221 589 222 594 224 602 224
604 223 607 223 631 224 634 225 645 230
‘651 235 656 240 -662' 242 Lo

-'rManmnganaluzs, num-3 A
Sta. Value  Sta. Value Sta. Value :
7 06 307 045 - 430 034

" Bank Sta: Let Right Lengths: Left Channe! Right CocffContr Expan. .
‘ 307 430 - 8- 8 8 1 .3 -
.LcﬁLevce Statmn- 308 Elevanon- 215 -

" CROSS secnon INPUT ' Reach: Little Bk River Statlon 1466
- Description: Stream X-Section 14+66 R

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta: Elev. .
17° 268 26 266 31 265 40 261 49 263
52262 S8 26163 260 74 259 -79 258
83 257 119 250 124 249 134 248 143 247
155 246 164 245 168 .244 177 243 188 241
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o 200 233 218 223 224 - 220 233 217 242, 216
\_/ 248 214 252 213 264 213 272 207 274 206 .
276 204 291 .204 300 213 305 203 311 202
317 201 329 201 330 203 334 203 335 2002
357 2002 358 202.53 379 202.53 380 197.76 395 195 49 '

417 19549 418 1985 419 200 422 202 427 212

433 213 435 213 438 214 498 215 531 216

- 567 217 577 219 584 222 589 224 595 225

- 399 225 605 224611 224 625 225 633 233

639 234 642 238 651 239 652 240 655 242

Manmnganalues, nnm-3 e
Sta. Value - Sta. Value Sta. Value
17 .06 300 045 438 034 )

Bank Sta: Left R:ght Lengths Left Channel nght Coeﬂ' Contr. Expan
. 300 - 438 '3 "3 3 N B .3
- Left Levee Stauon- 300 Elevatlon= 210

" CROSS SECTION INPUT Reach L1ttle Ek River Stat:on 1463
Description: Stream X-Secuon 14+63 N

W . Station Elevatxon Data, num—‘lS _
Sta. Elev. Sta. Elev. Sta. Elev.’ Sta. Elev Sta. Elev.
5 265 10 265 . 20 265 29 262 37‘ 261 .
. 46 259 55 258 - 70 253 75 253 80 254 -
| .88 254 96 253 101 252 103 251 109 250
S © 123 247 133 246 145 245 170 242 184 240
o - 194 238 196 237 212 227 220 223 227 220
234 217 241 217 243 217 245 216 ‘253 213 @
268 213 271 212 276 207 284 206 286 202
1295202 298 -203 303 204 308 202 309 201
321 200 322 200 332 -202 333 203 339 203
342 202 348 1955 360 1955 380 197 390 197.5
© 412 198 - 423 199 4235 2055 424 212 425 212.11
433 213 435 213 438 214 498 215 531 216
567 .217 577 219 584 222 589 224 595 225
599 225 605 224 611 224 625 225 633 233
639 234 642 238 651 239 652 240 655 242

Mannmganalues, num-=3 o
Sta. Value Sta. Value Sta. Value L e
5 06 342 045 438 034

V  BankSta: Leﬂ; R:ght Lengths: LeﬁChannel nght CoeffConh' Expan
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342 a8 e 6 6"_--".1' 3

" CROSS SECTIONINPUT Reach: Litte EIk River Station: 1457 R
Descnpnon Su'cam X-Sect:on 14+63 3 o

B Stauan Elevation Data. num-68
 Sta Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev
5265 10 265 20 265 29 262 37 261

46 259 55 258 70 253 75 253 80 254

. 88 254 96 253 101 252 103 251. 109 ‘250
123 247 133 246 145 245 170 242 184 240 -
. 194 '238. 196 ..237. 212 ..227. 220..223 227 . 220 .
234 217 241 217 243 217 245 216 253 213

268 213 278 204 289 202 2950 201 329 201

333 202 339 203 342 203 348 202 360 195.5

380 195.5 390 19829 412 19848 ~ 413 202 420 203
422 20427 426 205 427 212 435 213 438 213

498 214 531 215 S67 216 577 217 584 219

589 222 595 224 599 225 605 225 611 224 - - .
625 224 633 225 639 233 642 234 651 238 D
652 239 655 240 663 242 |

. Manning's n Values, num=3 | - s
 Sta. Value Sta. Value Sta. Value -
' 5 06 348 .045. 435 015 R

: Bank Sta. Leﬁ Rxght Lengths: Left Channel RJght Coeﬂ' Contr Expan. | -

348 435 © 11 11 1. a1 3
Blocked Obstructions, num = 1 L
,  Stal StaR Elev. =
tttttltt#ttttttttt#ttttt
- 452 527 220 '

. CROSS SECTION INPUT Reach; Lmle Elk Rwer Stanon 1446
Dcscnptlon Su'cam X-Secuon l4+46 '

Stauon Elevanon Data, num =70 '
~Sta. _Elev. Sta. Elev.. Sta. ‘Elev. "Sta. Elev Sta. Elev
-0 263 262 24 261 - 28 260 35 259
50 253 '56 251 /59 250 62 249 75 249
79 250 81 251 .91 251 96 250 120 245
160 240 180 238 190 236 196 235 201 234 -
203 233 212 226 214 225 216 224 232, 219
236 215 239 215 244 216 245 216 246 215
250 212 255 211 269 211 272 211 278 207
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.

280 206 288 205%:296 204.61 300 204 303 202.44
304 203 313 202.51 325 202 329 200.54 335 200.83

.. 34320236 350 20061 362 197.77 - 382 199 386 201
403 202 407 203 414 203 415 204 423 205

424 211 425 21144 426 - 212 557 215 564 216

570 216 573 216 580 217 583 218 595 225

607 225 633 225 635 226 651 238 663 242

. Manning's n Values, num=3

Sta. Value Sta. Value' Sta. Value
0 06 343 045 426 015

'Bank Sta Leﬁ R:ght Lengths LeﬁChanncl Rxght Cocﬁ' Contr Expan

343 426 27 21 27 - _.1 3

- Blocked Obstructxons, num =2

Stal StaR Elev Stal StaR Elev

) _l#tttttt#ttttllt#“‘.t.'.t‘*‘l.t..‘0..0‘#“#‘0‘.‘

220 230 230 454 5§32 220

s

. CROSS SBC’I‘ION INPUT 'Reach: Little Elk . River Statmn 1419
o Descnptxon Stream X-Sectmn 14+19

Stanon Elcvat:on Data, num = 80 _ o
Sta. Elev. Sta. Elev.. Sta.’ Elev Sta. Elev. Sta. Elev.

.. 14 257 20 256 32 253 34 253 37 253

40 252 49 251 54 250 62. 247 75 247

79 248 84 248 108 242 128 238 136 237
(173 232 185 230 190 228 196 227 219 222
222 221 232 217 235 215 237 214 240 213 ./ -
241 213 247 213 250 -212 256 211 259 210 ¢
275 209 277 208 281 205 284 205 287 206 -
290 207 292 208 305 208 308 207 310 206
314 205 318 204 323 203 327 202. 328 201 .

329 200 335 199.5 343 200.5 - 358 200.5 375 200

376 201 380 202 382 202 384 203 400 204

404 205 407 206 408. 207 411 209 - 412 210

413 211 419 212 422 212 442 212 557 214

. 572 220 574 220 576 220 580 221 582 222

584 223 585 229 591 230 593 230 596 230
608 230 610 229 613 228 636 228 660 242

Manmnganalucs, mnm=3

- Sta. Value Sta. Value Sta. Va.luc
14 .06 318 ..045 4197 015
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. Bank Sta. Left Right Lengths Leﬁ Channel nght Coeff Contr Expam
313 419 50 50 q .3

 LeftLeves  Station= 284 Elevanon- 205

‘Blocked Obstructions, num=1 S

.. Stal, StaR . Elev '

uununuuuunnu S

449 526 220

| CROSS SECTION INPUT Reach: Lmle Elk vaer Statmn 1369 o
: Dcscnptlon Strcam X-Secuon 13+69 '

Station ElevatxonData, num-S? L
Sta. Elev. Sta. Elev, Sta. Elev. Sta. Elev. Sta. Elev ‘
1T 254 18 253 44 243 67 243 72 242
79 241 -89 239 105 235 142 229 162 224
171 220 174 219 186 218 191 217 219 210
233 210 255 208 258 208 260 208 277 207
280° 205 281 204 286- 204 283 205 291 206
300 206 313 205 314 204 315 203 316 205
317 203 322 201 324 200 332 1995 350 199
360 199.5. 363 200 364 201 372 201 374 202
. 376 203 378 205 380 207 383 209 388 210
396 211 400 211 415 211 488 211.52 555 212
559 216 563 220 586 229 608 230 618 233
639 234 650 - 240 o o

- Ma.nmnganalucs, num-‘3 e T
. Sta. Value Sta. Value Sta. Value ST e
11 05 313 045 396 .015 ' . |

Bank Sta: Leﬁ nght Lengtbs Lcﬁ Channel Rxght Coeﬁ' Conu' Expan.
, 313 396 59 59 59 Jd 3
Left Levee  Station= 288 Elevauon== 205

- Blocked Obstructions, num =2

StaL StaR Elev StaL StaR- Elev

t#tt‘tt‘.tt‘t‘t'ttttt‘tttt‘titi‘t#ttit‘t#lttt#t‘ -

236 258 220 449 526 220

CROSS SECTION INPUT  Reach: Little Elk chr Statlon 1310

o Description: Strcam X-Sectmn l3+10

Station Elevat:on Data, num-?ﬁ :
Sta. ‘Elev. Sta. Elev. Sta Elev.. Sta. Elev. Sta. .Elev
23 252 28 251 .45 243 54 242 80 241 .
87 240 102 235 105 234 110 233 115 232
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118 231 120 230 122 ,229“1402_225f 145v'224
149 223 155 222 160 ‘221 164 220 168 218
0173215 179 211 183 210 220 208 . 240 207 -

277 206 280 205 282 204 285 203 287 202
290 202 291 203 292 204 295 205 301 205
305 204- 308 203 309 20242 310 202 313 201
316 200 318 1985 322 198 325 198 339 198.5

348 199 350 199.5 353 200, 359 201 360 202
'364 203.6 - 365 2047 368 208 370 209 551 213

557 215 567 220 574 221 577 222 579 223

. 580 224 581 225 582 226 583 227 585 228

604 229 608 - 230 -611---231 614..232 618 233

620 231 622 235 624 236 647 237 - 650 238
658 242 B g .

- Ma.nmnganalucs, num-B :
Sta. Value - Sta. Value Sta. Value
23 .05 305 .045 370 .015

‘Bank Sta:Left Right Lengths: Left Channcl ‘Right Coeﬁ' Contr, Expan
- 305 370 126 126 126 d 3
__ LeftLevee = Station=. 295 Elevanon== ..205
. Blocked Obstructions, num =2 S

StaL StaR Elev StaL StaR Elev

. tttttttttmtttcttottmtmtttttttmtmtttotrttttntttph

189 217 220 394 524 220

'CROSS SBC‘I'ION lNPUT Rcach Little Elk Rnrer Station: 1184
Descnptxon Stream X-Sectxon ll+84 , B |

Station Elevation Data, num-?l :

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev Sta Elev

8 256 26 255 '50 254 '§8 253 62 252

~ 67 251 73 250 - 141 240 151 - 239 160 238
164 237 167 236 167 235 171 234 175 233

© 179 232 182 231 184 230 187 229 202 220
203 219 206 218 209 217 211 216 213 215

225 210 231 207 240 - 206 267 205 270 204 -

. 2737 203 279 202 280 201.55 282 201 286 200 _
©288 199 -290'196.86 301 197.31 311 197.5 317 197.5
320 197.92 325 199 326 20045 328 200 334" 201
342 202 ' 343 203 344 204 346 205 343 206
357 207 558 211 562. 214 ’570 224‘ 573 225
575 226 577 227 603 228 612 229 614 ,230‘
616 231 618 232 620 233 621 234 622 235 -
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623 236 632 240 636 242 662 243 665 245
671 249 . |

X Manmnganalucs, num-3 S
Sta. Value Sta. Value Sta. Value
05 2'10 045 348 017 |

‘ Bank Sta: Leﬂ R.tght Lcng‘ths Left Channel R.lght Cocff Cont:r Expan.
) 20 48 14 14 14 01 3
Blocked Obstructions, num=3 . ' A

Stal. StaR Elev StaL, StaR Elev Stal StaR Elcv

ttt.t‘#tt‘##‘tittttti##t“t‘##‘###.tt###‘t0##!"#tt‘*“#‘t‘#ttt*#ttt#t#t ‘

211 234 220 348 362 220 382 531 “220

CROSS SECTIONINPUT Reach: Lintle Ik River Station: o
" Description: Strcam X-Sectlon ll+70 -

Station Elevatxon Data, num-69 .
Sta.  Elev. Sta. Elev. Sta. Elev, Sta. Elev Sta. Blev
8 256 26 255 50 254 58 253 62 252
67 251 73 250 141 240 ‘151 239. 160 238
164 237 167 236 167 235 171 234 175 233 e
179 232 182 231 184 230 187 229 202 220
203 219 206 218 209 217 211 216 213 215
225 210 231 207 240 206 267 205 270 204
273 .203 279 202 283 201 285 200.5 288 200
293 197 304 197 315 1975 322 198 325 1995
327 200 334 201 342 202 343 203 344 204
346 205 348 206 357 207 558 211 562 214
570 224 573 225 575 226 577 227 603 . 228
612 229 614 230 616 231. 618 232 620 233
621 234 622 235 .623 236 632 240 636 242.
662 243 665 245 6N 249 676 250 ‘

5

| Manning's‘nVal.ues,_-num-S T
Sta. Value Sta. Value Sta Value
8 .055 270 ,045 348 017

. Bank Sta: Left R1ght Lcngths Left Channel Right Coeff Contr. Expan.
270 348  66.9999966.9999966.99999 .. .1 3

- Blocked Obstructions, num=3

StaL SaR Elev SaL StaR Elev StaL StaR Elev

: #ttttt.tl*ttt¢¢t¢¢tttitt'il‘ttitt#“tt*t#*tttt‘t#itt‘t““#!#‘t#‘i‘tttt#

211 234 220 348 362 220 382 531 220
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o

281
305 196.5

~ Station Elevanon Data, mim =79

CROSS SECTION INPUT-- Reach L:ttlc Elk chr Stat:on 1103
Descnpuon Steam X-Section 11403

Sta. Elev.. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.

4

e
110
140

194

216 -

252

325

575

612 229

253
248
240

232

27

218
210

- 205

201
199

- 340 203.5
549 210.

224

660 244

11

119

146
178 -

196

1223
271
283
312 |
1326 19928 332 200
205 343 206 388
211

341
561

252
77 247
237°

231

226

217

209

204
200

17 251
83 246
1237

156
181
199
230 -

236 126

230 162

225 183

216 201
208 . 234

273 203.97 275

286

199 288

197 319 197.5 ' 321

565

214 - 567

577 225  S80 226 602
613 230 621

Manmnganalues, num-3
- Sta. Value Sta. Value Sta. Valuc

235 630

662 245 669 250 677

4 055 273 .045 343 017

273 © 343

336

235

229
224

215
207 .
203

197

198

201
207

215
227

240

84.9999984. 9999984 99999

- Blocked Obstructlons, num=2

- StaL StaR Elev StaL StaR Elev

ttt‘t‘t!t!““'i##tl#i"‘t‘.#.tttt#tt#l‘t#itt#lt

| 347 1356 220 385 507 220

0 223
- 135208

272 203.72 282
- 287 196 302
1331

381

198 -~ 333 198.56 337. A
345 202 346 203. 347 204 349 205 350 205, 6
206 426 207 454 208 490 209 565 210

Statxon Elevat:on Data, num-60 ‘ S
. Sta. Elev Sta. Elev. Sta. Elev. 'Sta. Elev. Sta.. Elev
7 220 35 215
190 207 234 206 268 206 270 204. 86
198 283 197.5 284
196 314 1965 322 196.5 327 197.68
200 343 201

199 - 341

120 210

197 285 1965

135

' 167

192

-210

244

278 202
1290 1965
1324 1985
339 202
53 210
573

610

&1
252 -

30 250 42 249

87 245 106 241

233

206

23
228
243 .

3

'_CROSS SECTION INPUT - Reach: Little EIk  River Station: 1018
: _Descnptmn Stwnm X-Scctxon 10+18 '

126- 209 -

|

28
219
am

'.'Bank Sta: Left Right Lengths: Left Channel Right CoeffContr Expan. ;
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574 213 575 214 578 215 581 216 583 217 . S
585 220 58 223 589 224 594 225 605 226 .~
614 227 616 228 618 229 620 230 633 238 - . \J
630 238 645 238 656 239 662 240 669 248 : o
672 249 676 250 679 251 682 252 686 253

Manmng'analucs, num-3 e
Sta. Value Sta. Valus Sta, Value
0 055 272 .045 350 017 '

~ Bank Sta: Left Rtght Lcngths Left Cha.nnel nght Cocﬂ‘ Contr. Expan.
272..350..... .18 . 18. 18...... 3. 5. .

~ Blocked Obstrucnons, um=3
StaL StaR Elev Stal StaR Elev Stal StaR Elev

: “tttttt‘##t‘ittttttt!‘##!“t.‘##l‘##“‘*tt‘i#‘t#t‘#iti#ttttttt#tﬁl"‘it .

69 100 230 351 359 220 428 514 220

- CROSS SECTION INPUT - Reach: thtleElk Rmr Stat:on 1ooo
,: Dcscnptxon Stream X-Section 10400

Stanon Elevanon Data, num = 69 iy

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev . ' o
1 219 § 218 10 217 20 216 28 215 - T B T
31 214 33 213 - 36 212 118 210 126 209 - D - u
135 208 190 207 234 206 284 206 286 206 ’ : - o
289 20623 290 2029 293 196 294 1955 295 195 .

302 19472 311 195 315 1955 317 196 319 196.84

. 321 200. 13, 324 199. 79 327 197. 68 331 198 333 198.56 ' v

337 199 341 200 343 201 345 202 346 203 - - ‘
347 204 349 205 350 2056 351 206 352 2067 -
426 207 454 208 490 209 565 210 574 213

575 214 578 215 581 216 583 217 585 220

586 223 589 224 594 225 605 226 614 227 .

616 228 618 229 620 230 633 238 639 233 -

645 238 656 239 662 240 669 248 672 249 : °

- 616 250 .679_ 251 682 252 686 253

Manmnganalucs, num-3 T o -
_ Sta. Value Sta. Value Sta. Value e }
1 055 290 .045 352 015 o

' Bank Sta. Left R13ht Lengths: LeﬁChannel R.tght Coeﬁ‘ Contr Expan

290 - 352 7 17 71 3 5 .
BlockedObstructxons, num=1 - - . o R ' B
SaL SaR Elev D
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SERERRARRASSRESRRRROIRE : e

53110 230

BRIDGEINPUT - Reach: Little Elk - River Statxon 9965 -
- Description: Footbridge (Bridge #3) '

Distance from Upstream XS= 1 S

- ‘Deck/Roadway Width = 4

Weir Coefficient 26

Bridge DecklRoadway Skcw - '

Upstream Deck/Roadway Coordinates, num = 2
Sta. Hi Cord Lo Cord  Sta. Hi Cord Lo Cord |

.¢tttttitttt‘#tt**#“i‘tttttt‘t“'#.“#‘#‘ti“#tt T

289 207.28 205.78 352 207.54 206.04

'Downstream Deck/Roadway Coordinates, num = 2

Sta. Hi Cord Lo Cord - Sta. Hi Cord Lo Cord’

'.‘#‘#‘ttttt*tt#t#t#"*‘#t‘tttt‘ttl##t*‘ttfttttti_

289 207.28 205. 78 352 207.54 206. 04
Elevanon at which weir flow begins =
Maximum allowable submcrgencc for weir ﬂow = 95 '

-Submergence criteria Broad Crcsted

: 'Numbcr of Bndge Cocﬁiclcnt Sets - l

LowFlochthods
"Momentum - Cd = 0
Yamell KVal='

CROSS SECTION INPUT  Reach: Little Elk vaer Statxon 993
Descnpt:on Stream X—Sectnon 9+93 o .

o

WS, ProMethod .CVal =

. Selected Low Flow Methods = Energy

\ ‘ngh Flow Method

Additional Bridge Parameters

Add Friction component to Momentum®

Do not add Weight component to Momentum . ‘

- Class B flow critical depth computations use crmcal depth
inside the bridge at the downstream end - '

Criteria to check for pressure ﬂow = Upstream water smfacc

Station Elevatlon Data, num = 70 |

Sta. Elev. Sta. Elev. Sta. Elev. St Elev. Sta. -Elev.
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1 219 5 218 10 217 20 216 28 215
31 214 33 213 36 212 118 210126 209 -
135 208 190 207 234 206 282 206 234 206
0286 206 289 20623 290 2029 291 . 197 292 1965
293 196 294 1955 295 195 301 194.66 310 . 195
" 314 1955 318 200 321 200.13 ; 324 199.79 327 197. 68
335 198 337 199 341 200 343 201 345 202 -
346 203 347 < 204 349 205 350 205.6 . 351 206 :
. 352 2067 426 207 454 208 . 490 209 565 210
574 213 575 214 578 215 581 216 583 217
585 220 586 223 589 224 594 225 605 226 .
~ 614..227. 616 .228 . 618.. 229.. 620.'..230*._.'633- 238 ...
639 238 645 238 656 239 662 240 ' 669 248
‘ 672 1249 676 250 679 251 682 252 686 253‘ o

aManmnganalues, num-3
Sta. Value Sta. Value Sta. Value
U 055 290 045 352 .015 |

Bank Stu.Leﬁ Right Lengths LeﬁChannel Rxght ‘Coeff Contr. Expan. .
- 290 352 I 11 11 3 5. o
. Ineffective Flow Areas, num = 1 S
Stal, StaR Elev S
LI TSI 2 S22 1220 222 Ll L BN
) 341 352 207 , o v L
. Blocked Obstructions, um-l ' L '
StalL StaR Elev ' - ' ' L B

) ;tt.ii“t##‘t#““.‘.#“!-.'

58 108 230

CROSS SECTION INPUT Reach: Little Elk R.lver Stauon 982
Dcscnptxon R:ver X-Section 9+82

- Station Elevanon Data, num-64 \ ' '
~Sta. Elev. Sta. Elev. Sta, Elev. Sta Elcv Sta. Elev
1 219 .5 218 .10 217 20| 216 28 215
31214 33 213 36 212 118 210 126 209 :
135 208 190 207 234 206 279 205 281 2036
'282 2029 289 198 290 197 291 1965 . 292 196
294 1955 296 195 301 19466 308 195 312 1955
324 196 326 1965 330 197 333 ‘1975 335 198
337 199 341 200 343 201 345 202. 346 203
347 204 349 205 350 205.6 351 . 206 426, 207
- 454 208 49 209 565 210 574 213 575 214
© 578 -215 581 216 583 217 585 220 586 223
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589 224 594 225 €05 226 614 227 616 228
618 229 620 230 633 238 639 238 645 238
65 239 662 240 669 248 612 249

Mannmganalues, num=3 S
Sta. Value Sta.  Value Sta Value -
1 .055 282 045 350 015 '

BankStaLeﬁ Right ~Lengths: LeftChannci nght CoeffComr Expan.
_ 282 350 77 M 17 3 5 . .
, ‘Incﬁ‘ecnveFlowAreas num-l o
 StaL StaR Elev -
‘ LR R ST IR It It Etlyd s
. 335 374 207
" Blocked Obstrucnons, num =3 : ‘ '
‘Stal. StaR Elev Stal StaR Elev StaL StaR - Elev ‘

_Otttti‘l#i#*t‘#‘ti#“‘l‘l#**#.*t".0##t‘itttl“i*t*!‘#it#.#.‘#'.!t.ittt'

- 85, 230 374 414 220 489 581 220 |

' CROSS SECTION INPUT | Reach: Lnt!e Elk Rwer Statlon 905
Descnptxon Stream X-Section 8+54

 Station Elevatxon Data, num = 39
Sta. Elev. -Sta. Elev. - Sta. Elev Sta Elev Sta. Elev
- . 40 215}_' 66 ‘,‘21‘4 131 211 - 160 210 181 209
278 20692 279 207 283 206 286 205 288 204
291 203 293 202 295 201 296 200 298 199
302 198 303 197.5 324 197.35 - 356 197.5 357 198
359 199 360 199.75 361 200 363 201 371 202
. 375 203 "-'376 204 .377 205 378 206 468 207
518 209 548 223 560 224 594 225 616 226
626 227 647 229 650 230 670 . 240 )

.Mannmganalues, mm=3 _
'Sta. Value  Sta. Value Sta. Valw: -
40 06 293 045 378 018

‘Bank Sta: Left Right . Lengths Leﬁ Channel R.lght Coeﬂ' Contr Expan
293 378 51 51 51 .3 |
: Ineﬁ'ectxchlowA:eas num = 1 o
Stal StaR Elev
"‘*#*t‘#‘#““**i#ti‘.##‘ S
363 378 206
Blocked Obstrucnons, pum=4 R
StaL StaR Elev StaL StaR Elev StaL StaR E.lev

AR10034 1



h‘; "tt"*t‘tt*##'ttt#t‘#0‘#'#.tt##t##“t#*i!‘*".0*t‘#ttttittt*‘ti#tt.#‘ttu

‘9% 126 230 236 272 220 385 414 . 220 -
484 543 220 ' f

- CROSS SBCTION lNPUT Reach: thtle Blk Rwer Stauon 854
Description: Stream X-Section 8+54

‘StanonE!evatxonData, num-SO ;oL ' o

Sta. Elev. Sta. Elev Sta. EIev Sta. Elcv Sta. Elev:

40 215 66 214 131 211 160 210 181 209

278 206.92 279 207 283 206. 286 205 288 204 .

291. 203. 293 .202 .295_.201.. 296.°200. 298 ..199. .. -
' 302 197.5 303 197 305 1965 317 1965 327 197 ‘
- 345 197 354 1979 357 198 359 199 360 199.75

361 200 363 201 ’371 - 202 ) 375 203 376 204
- 377 "205 378 206 468 207 '§18 209 548 223 S

569 224 587 225 5954 230 597 231 600 232

606 233 610 234 616 236 624 . 237 628 238

631 239 635 240 672 250 678 251 683 252

Manning’s n Values, num-3 L o - W
Sta. Value Sta. Value . Sta. Value ‘ o
40. .06 293 045 378 027

Bank Sta. Left R1ght Lengths Left Channel Rxght Coeﬁ‘ Contr Expan.
293 378 . 17 1M 77 d .3
 Ineffective FlowArcas, n;nn-l ‘ T -

 StaL StaR Elev

' tt‘tt?tttitt?ttt!‘!itt#i._ Sl

361 38 206 . . - .

Blocked Obstructions, mm=4 L o

Stal StaR Elev Stal StaR Elev Stal StaR Elev - |

Oitttt!ttttlttt‘ttttttt‘tttttttttttt#‘#ittttttttt‘tttttt#ttittttttttttt#
75 117 230 236 272 220 385 414 zzo /
484 543 220 o

._ CROSS SECTION INPUT Reach: Little Elk - vaer Statxon. 777
Description: Strcam X-Sectxon 7+77 '

Station Elevanon Data, mm=65 '
'Sta. Elev. Sta’ Elev. Sta. Elev. Sta. Elev Sta. Elev
© 27 219 54 218 84 217 98 216 122 215
138 214 150 213 160 213 163 213 178 213
221212 301 211 305 210 308 209 310 209.22
312 208 314 207 316 206 318 205 319 204

- ARI00342



U320 203 321 0202 322 201 323 200 324 199
N/ 326 198 328 196 333 1955 344 1955 350 196
- 356 1965 367 197 373 198 380 19897 381. 199
383 200 385 201 396 202 399 203 400 204
401 205 402 206 403 207 404 207 413 207
- 428 208 . 448 208 475 208 478 208 495 208
511 213 523 214 532 215. 535 216 539 220
540 221 541 222 542 223 547 223 551 222 -
563222 580, 231 592 234 '-597 235 685 255

Manmngana!ucs, num-3
' Sta. Value ' Sta. Value- Sta. Value
27 06 -321. 045 403 04

' BankSteLeft Right. Lengths: Lef Chanic nght Coeﬁ‘Contr Expan. |
321 403 0 2 22 2 0 3 |
Ineffective Flow Areas, mum=1 . -

StaL- StaR Elev =~
AERRESRE BB RN LR BRI S

-390 428 209

Blocked Obstructions, num = 1

‘StaL StaR Elev -

Ny uuuuuuuununn '

90 122 230

CROSS SECTION INPUT Reach thﬂt Elk Rlver Station: 755
Descnptwn Su'cam X-Secuon 7+55 '
StanonElcvanonData, num=39 3 . o A \
- Sta, Elev. Sta. Elev. Sta. Elev. Sta. Elev Sta. Elev D
10 218 14 218 91. 217 127 216 197 214

241 213 307 212 317 . 210 320 207.2 325 20253

332 196 333 1955 335 195 338 195 348 195

350 1956 352 1955 356 196 359 1965 368 197

381 198 390 199 394 200 403 202 404 203

406 205 416 207 419 208 424 209 471 209

494 210 517 212 534 °222 544 222 560 222

'572 228 585 232 590 233 687 \254

Manmnganalucs, num -3

Sta. Value Sta. Value Sta. Value
| 10006 325045 424 035 R f
-\  BankSm: Lef Right Lengths: Leﬁ Channcl Rxght Cocﬁ'Contr Expan
| 325 44 B BB 03 S

~ ARI00343



Jneﬂ‘ochve FlowAreas, num-l o
“Stal StaR Elev .

‘t#‘t*it"#t#t#l‘.i.!“!

389 424 210,

" CROSS SECTION lNPUT Reach: Little Elk Rmr Stanon. 742
‘ Dcscnpnon Stream X-Section 7+42

Station Elevation Data, num = 44 :
- Sta. Elev. Sta. Elev. Sta. Elev, Sta. Elev.  Sta. B!ev
1 219 9 219 15 218 17 217 19 216
45 215 60. 215. 196 214293 213, 338 . .212
339 197 342 196 346 197.84 350 196.66 3§4 195
358 195 362 1955 366 196 374 196.5 394 19833
400 199 403 200 404 20046 407 201 409 202 .
411 203 412 204 415 205 417 206 421 207
422 210.33 50_7 210 516 211 5_21 215 523 216
5§25 217 528 218 537 222 542 222 558 2220
569 228 -582- 232 '588 233 685 254. '
'Mannmg'analucs, num=3 = -
© Sta. Value Sta. Value Sta. Value
1 06 338 037 421 Oll

: ‘Bank Sta: Leﬁ Right Lengths Left Chanriel Right Cocﬂ' Contr Bxpan.
: 338 421 17 17 .35
Incffective Flow Arcas, num-l e
Stal, StaR’ Elev '

*‘ttt!t#‘.‘i.“.‘t‘..“‘

390 685 200

BRIDGEINPUT. . Reach:Litile Elk River Station: 734:

- Description: Providence Road Bridge (Bndge#Z) '
- sttanceﬁ'omUpstrcamXS- I

Deck/Roadway Width - 15

Weir Coefficient = = 2 6
' Bridge Deck/Roadway Skew = |
- Upstream Deck/Roadway Coordinates, mm=4 - -
. Sta.HiCordLoCord Sta. Hi Cord Lo Cord Sta.HxCordLoCord
‘ .#!#.ti‘#l#t.‘t#‘tttt"‘##t“#!t!‘.tt‘tit#it“‘i‘“‘ttl‘i#‘l.t.‘.“tttt( .

337 211°209.23 338 213. 03 209.23 422 21099 207.19 - '

- 423 209 207.19 L
- DownstreachcklRoadwayCoordmates, num-4 IR
© Sta.HiCord Lo Cord Sta. Hi Cord Lo Cord ' Sta. Hi Cord Lo Cord

: Oitttttttttttttt‘l““‘.*.‘t*t*t!.“t‘.‘.ltit‘.‘#.0‘##‘.‘!"##“#‘#‘!##‘.

CARIO03UL



324 211 20927 325 213.07 209.27 426 211 207 2z .
427 209 2072 S

Elevatxon at which weir flow begins = \

Maximum allowablc submergence for weir flow = . .95

Submcrgcnce criteria :Broad Crested -

" Number of Piers = 1

Pier Station Upstréa.m== 376 Downstrca.m= 378
Upstreamechata, num =2 o
Elev. Width Elev. Width

titt*t#0.“##‘i‘#t##!*“t'!l‘!" e

194 3 211 3

Downstream Pier Data, num-2 -

Elev. Width Elev. Width

'ttit‘t#ttit“tt‘ttt#ttttt#‘it*‘#

194 3 211 3

Number of Bndgc Coefficient Sets - l

"LowFlowMethods
Momentum Cd = 15
“Yarnell KVal= 125

‘W.S. Pro Method - CVal - o
Selected Low Flow Methods = nghest Energy Answer

- High Flow Method

Pressure and Weir flow -

' SubmergedInletCd =
Submerged Inlet + OutletCd= .8
MaxLowCord R :

Addmonal Bndgc Parameters :
- Add Friction componcnt to Momcntmn :
. Add Weight component to Momentum - ‘
_Class B flow critical depth computations use crmcal depth
inside the bridge at the downstreamend = - )
Cntena to chcck for pressure ﬂow - Upstream water surfacc 7

'_.CROSS SECTION INPUT Rcach Little Blk chr Statlon 725
Description: Stream X-Sccnon 25 -

Station Elevation Data, num= 47 '

Sta. Elev. Sta Elev. Sta Elev‘ Sta. Elev. sm Elev
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0 2222 221 7 220 20 216 25 215
56 214 61 214 132 214 169 213 192 213
2196 213 325 212 (341 212 342 197.1 348 196
350 195.5. 357 1955 370 1955 378 195.62 383 197.38
-395 198 401 197.94 403 199 406 200 “.417 201
413 202 425 208 426 210 437 2095 490 2095
505 210 511. 213 514 214 518 215 531 221
533 222 536 222 551 221 553 221 566 228 -
575 231 '581 232 623 242 629 244 637 245
643 - 246 686 255 ‘ fJ ' R
Manning's nValues. num=3 ‘
- Sta. Value Sta. Value Sta. Value
0 .08 341 .037 425 011

- Bank Sta. Leﬁ R!ght Lengrhs Leﬂ Channel nght Coeﬁ' Contr Expan.
. 341 425 69 69 69 3 5
'Ineffective Flow Areas, num = |
StalL StaR Elev
t#it!“‘#tif‘t#t’tt#‘#t‘
. 390 68 200 |
Blocked Obsu'ucnons, num-l
Stal. StaR Elev

T T Ll T LT Ty

67 114 230

CROSS SECTION INPUT Reach  Little Elk Rlvcr Stanon 715
} Descnpuon Stream X-Section 7+15 ' )
 Station Blevauon Data, num-SS A v L
Sta. Elev. Sta: Elev. Sta. Elev. Sta. Elev. Sta. Elev.
0 222 2 221 -7 220 20 216 25 215 .
$6 214 61 214 132 214 169 213 . 192 - 213
196 213 330 21236 335 208.37 337 206.77 339 205.18
- 341 203.58 343 201.99 348 198 ° 349 197.1 354 196
357:1955 363 1955 378 195.5:' 383 1955 385 196
387 1965 388 197 395 198 401 19794 403 199
406 200 417 201 418 202 425 208 437 210
" 490 2095 505 210 511 213 514, 214 518 215
531 221 533 222 536 222 551 221 553 221
566 228 575 231 581 232 623 242 629 244
- 637 245 643 246 686 255 '

Mannmganalucs, num=-3 ‘ -
_Sta. Valye Sta. Value Sta. Value

ARI00346



‘o‘os 343 04 418 05

 Bank Sta: Left Right Lengths: Left Channel Right CocffContr Expan -

. 343 418 . 69 69 69 J 3
lncﬁ‘cctlvc Flow Areas, pum=] L
$tal. StaR Elev ) o
nunnnuuu“uuu ;

390 686 . 200 '

. ."Blocked Obstructions, num = 1 -

Stal StaR. Elev

: nnuunnunuuhn

69 114 230

CROSS SECTION INPUT Rcach Lmle Elk vacr Statxon 646
Descnptxon Stream X-Sect:on 6+46

'Statlon Elevation Data, num-SG \ \
Sta. Elev. 'Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
0 226 3 225 7 224 26 216 30 215
33 214 "42 213 57 1210 65 209 68_ 208
71 207 136 207 168. 206 189 205 210 204

235 203 .271 202 322 202 -358 202 361 201

363 200 364 199 365 198 366 196 368 195.5
394 195 399 1955 403 196 406 1965 409 198
416 201 422 201 429 200 436 199 441 199
445 206 448 207 451 208 481 209 SO0 210
507 213 511 214 514 215 518 216, 527 220
549 221 562 228 566 229 570 230 588 234
666 252 668 253 670 254 677 .255 680 256
691 257 SRR

Manning's n Values, num=3 B Do
Sta. Value Sta. Value Sta.’ Value : '
008 361 04 42 .05

Bank Sta; Left Rxght Lengtbs Left Channel Rxght Cocﬁ' Contr Expan. S

. 361 42 ' 84 84 8 Q1 3
Ineffective Flow Ar_ees num=1 o
Stal StaR Elev |

U“‘#“‘#..it‘.‘t*ttttli S

422 691. 201

u CROSS SECTION !NPUT Reach: Little Elk R.wer Stat:on 562
_ Descrxpt:on Stream X-Sectlon 5+62 '

- AR1003L7



. 222

Statlon Elevation Data, num-68 _ '
Sta. Elev.’ Sta. Elev. Sta. Elev. Sta.’ Elev Sta. Elev

4 227

31 216
T2 206

130 206
250 202
360 201
372 197
- 392 193.5
- 400 195 - 403 196
4217 200 423 201
434 20322 437 205
470 209 473 210
507 212 509 213
556 229° 559 230

0 228
19 223
64 207
122206
203
202
198
194

351
368 -
387

7 226 11

134 206 -

376

225 16 224
40 215 46 214 59 208
75 205 79 205 83 206
206 - 173 205
290 201 318 201 347 202
363 200.33 364 ~ 200 367
196 380
394 193.5 396
417 19669 418 198 419
425 202 429 203 433 204
440 206 464 207 467 208
479 211 483 211 505 211
518 219 528 219 537 219
677 249

189 204 .

199
195 383 1945
194 398 194.5.
199

I

Mannmganalucs, num=3 A
Sta. ' Value Sta, Value Sta Value
0 .08 364 .04 421 .06

'Bank Sta: Left Right Lengths Left Cha.nnel Right CoeffContr. Expan
364 421 - 83 83 83 -.1_.3 |

CROSS SECTION INPUT Reach: Little Elk - River Stauon 479
Descnpnon Stream X-Section 4+79 .
Statwn Elevation Data. num-53 o *
Sta. Elev. Sta. Elev. Sta. Elev. Sta, Elev Sta, Elev
02 222 15 218 28 211- 49 210 56 206
59 205 64 205 85 205 89 204 93 203
97 202 100 202 105 203 127 203 143 203
154 203 184 202 217 201 253 200 2683 200
283 200 292 200°.316 201 342 201 345 200 _
347 199 349 198 351 1951 364 - 193 398 196.74
399 198 400 199 401 200 403 200.16 422 201 ,
430 202 438 203 444 204. 470 205 492 209 ..
498 210 507 211 534 212 545 213 552 215
555 216 568 217 579 221 596 222 610 223
622 224 629 225 685 230 LT S

Manhing‘ana!ues,, n'um¥3-i o R
‘Sta. Value Sta. Value Sta. Value
2. .08 345 .04 401 .08

AR100348



M5 401 M MM 03

.CROSS SECTION INPUT Rcach Litle Elk  River Statxon 465

Descnptxon Strcam X-Sect:on 4+65 |

Statlon Elevatlon Data, num-=47 _ _
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
0 220 17 214 24 2_10 36 209 43 208 -
47 207 50 206 53 205 63 205 73 205
100 1204 104 203 108 202 112 201 120 201
122 202 139 202 149 - 202. 164. 202 199 201
314 201 334 200.54 338 19639 339 195 370 192.74

Bank Sta: Leﬁ R.tght Lengths Left Channel Rxght Coeﬁ' Contr Expan

391 196.6 397 196.6 =401 200.16 422 - 201 430 202 °

438 203 444 204 470 205 492 209 458 210
507 211 534 212 545 213 552 215 555 216

. 568 217 579 221 596 222 610 223 622 224
629 225 685 230‘ * N o

Manmnganalues, num-3
Sta. Value Sta. Value Sta. Value
0 08 334 04 401 - 08

Bank Sta: Left Right Lengths Left Channel mgh: Coeﬁ'Contr Expan

334 401 ) 32 32 32 '_.l .3

- CROSS SECTION lNPUT Reach: Little Elk vaer Statmn 433
| Descnpnon Stream X-Sccnon 4+33 o

" StationElevation Data, rum=70 - .
- Sta, -Elev. Sta. Elev. Sta. Elev Sta. Elev Stn. Elev.

0 220 17 214 24 210° 36 209 43 208
47 207 S0 206 53 205 63 205 73 205

100 204 104 203 108 202 112 201 120 201
122 202 139 202 149 202 164 202 199 201
314 201 323 201 324 200 326 199 327 198
328 196 3290 195 351 195 353 196 356 197

358 197 363 196 368. 194 383 194 367 194

401 1965 418 200 420 198 422 196 432 19
434 193 435 199 436 200 438 201 441 202
457 203 461 204 469 204 475 204 506 205

0521 206 530 207 534 208 543 209 557 210

563 211 570 212 577. 213 581 214 584 215
501 216 - 597 217 603. 217 610 217 632 218

641 w21,9“655-" 220 670 221 684 222 701 223 3
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Mansing's n Values, num=3 '
Sta. Value Sta. Value Sta.’ Value
.0 .08 324 .04 418 08

‘Bank Sta: Left Right Lengths Left Channel Right Cocﬂ'Contr Expan.- - |

324 418 20 20 20 d.3
nght Levee Station= 418 Elevatton- 200

CROSS SECTION INPUT Reach: Little Elk R:vcr Stat:on 413
' Dcscnpuon. Strcam X-Section 4+l3 |

Station Elevation Data, num-54 - :

Sta. Elev. Sta. Elev. Sta. Elev Sta. Elev Sta. Ele:v

1 218 22 209 35 208 40 207 48 205

93 204 112 203 115 202 120 201 ° 123 200

125 200 127 201 130 202 135 202 194 201

215 200 221 200 285 199 287 1982 290 197
204 195 295 193.5 300 1935 308 194.38 - 313 196.53
329 197.36 340 197.65 355 197.08 361 196.05 369 1952
401 196.16 402 196.91 402.5 197.29 403 197.67 404 19842 "
409 199 411 199 421 200 426 1959 433 1959 °

447 201 460 203 . 505 204 557 204 579 210
- 585 212 590 213 595 214 603. 215 626 216

645 217 668 218 683 219 699 220

a Manmnganalucs, num-3
© Sta. Value Sta, Value Sta. Value
1 08 285 04 409 08 , 4
Bank Sti:Left Right Lengths: Left Channel Right Cocff Contr. Expan. -
. 285 409 14 14 ‘14 . 1 3 .
RightLevee Station= 421 Elevation= 200
Blocked Obstructions, num = } -
StaL StaR Elev

ASRSRERSHEEESRERNERRONES S

'S05 557 224

CULVERT INPUT ‘Reach: thtle Elk River Stat:on 406
- Description: Downstream Dam (Bndge #l) |
Distance from Upstream XS= 1 _
Deck/Roadway Width . = 12
 Weir Coefficient. = 2.6 o
Bridge Deck/Roadway Skew = ClL '
. Upstream Deck/Roadway Coordinates, num =§
Sta.I-In CordLoCord Sta.HnCordLoCord Sta.H1 CordLo Cord

”'Aﬂtoosso



B ‘##"#t##ttttt‘t#‘*t.it.‘.‘*ttitttt**#*‘!ﬁ#*ttt‘tt*###t‘*tt.#*i‘l#.tttttt"

- 280 19772 190 318 197.72 190 346 197.72 - 190
376 197.78 190 41519793 190 . .
| .Downstrcam DecklRoadway Coordinates, num = § o
' 'Sta. Hi Cord Lo Cord Sta. Hi Cord Lo Cord ~ Sta. Hi Cord Lo Cord :
###ttt.t#‘t#t*t“.it.#tt#**ttt*#‘t“***t#*#ttt*‘**#t##tﬁ“t*t#titt‘itt“'
280 198.46 - 190 319 19846 190 345 199.04- 190 '
351 200.64 190 358 200.64 190 359 1988 190
383 198.65 190 430 198.99 190 ' S
Elevation at which weir flow begins = .
Maximum allowable submergénce for weir flow= .95 ~
- Submcrgeﬁcc-criteria‘:Broad Crested -~ |

'Number of Culverts - l

CulvcrtNam_e Shape Rlse Span
Culvert#1 - Box 4.1 45 - oo
FHWAChart#lG-Corrugatcdmctalboxculvcrt LT T -
. FHWA Scale#1 - 90degrcchcadwall BN
. Culvert Length - n Value Entranoe Loss Coef Ex:t Loss Coef
o186 5 S -
. Upstream Elevation = 193.6 IR S

" Centerline Station = 297. s -

- Downstream Elevation = 193.3

Centerlmc Statxon = 293 ]

 CROSS SECTION INPUT Reach thtle Elk R:ver Station: 399
Description: Stream X-Sect:on 3+99

Statxon Elevation Data, mum=45 |
Sta.- Elev. Sta. Elev. ‘St Elev. Sta. Elev. Sta Elev.
1 218 .22 209 35 208 40 207 .48 205
93 204 112 203 115 202 120 (201 123 200
125 200 127 201 130 202 135 202 194 201 .
215 200 221 ..200 280 199 284 197 285.196.67
287 196 288 195.67 290 195 291 1932 296 1932 -
297 198 307 198 310 193.92- 336 193.86 ' 354 192.05
386 19338 426 192.94 428 19597 430 199 441 200
1448 1958 455 1958 468 199 479 200 485 202
- ;-:494 203/ 544 204 593 204 613 210 653 214

Manmnganalucs, num-3 o ,
‘Sta. Value "Sta. Value Sta. Valuc IS
1 .08 280 04 430 08 : S

CARI003S)



. Bank Sta: Leﬁ Rxght Lcngtbs Leﬂ Channel nght Coeff Contr Expan

280 430 9 9 9 n g .3
. Right Levee ‘Station= - 441 Elev_auon- 200"

- Blocked Obstructxons, num-l
-, StaL StaR Elev

‘uquuuuun"hnnu_ .

544 593 224

' CROSS SECTION INPUT Reach: Little EIk Rwer Stanon 390 ‘.7 o

‘ Dcscrxptlon Strcam X-Secuon 3+90

‘Statlon Elevatxon Data, num-50 ' L
Sta. Elev. Sta. Elev. Sta Elev Sta. Elev. Sta. Elev
. 218 - 22 209, 35 208 "40 . 207 48 205

- ‘93 204 112 203 115202 120 - 201 123 - 200

125 200 127 201 130 202 135 202 194 201

215 2000 221 200 265 199 269 198 273 197
275 19633 278 19533 279 195 280 194.79 293 192.05

307 194 . 334 194 335 192.05 352 192.05 384 192.5

42219294 430 193.71 433 - 194 . 435 195, 43 436 196.14

436.5 19649 437 196.85 440 199 = 457 1200 467 198
476 1957 481 195.7 489 202 497 203 518 203

.. 547 204 622 204 642 210 688 215 735 220

-Manmnganalues. num-3 -
Sta. Value. Sta. Value Sta. Value -
1 08 265 04 440 08 '

. Bak Sta: Left Right Lengths; Left Channel R.lght Cocﬁ'Contr Expan.

- - 265 440 - 390 3% 390 . .1 3
RightLevee Station= 457" Elevatxon- 200
Blocked Obstructions, num-l '

StalL StaR Elev oo

: i‘l‘.#itt.*‘*‘t#tt‘ti.t.

547 599 224

~ CROSS SBCTION INPUT Reach Little Elk R1ver Stanon 0
: Descnptlon Strcam X-Section 0+00 '

Stanon Elevauon Data, num-52 o '
Sta. 'Elev.  Sta. Elev. Sta. Elev Sta. Elcv Sta, Elev

88 225 98 224 105 223- 110 222 115 221

119 220 122 219 126 218 130 217 133, 216 -

152 209 155 208 163 - 207 166 206 172 202

© 174 200 175 199 178 197 197 196 202 195
N I ' ’ ' “ . ' ... } . - .V V

[
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© *Lile Elk * 1720
*Little Elk * 1606
_ *Little Elk * 1538
*Litle EIk * ' 1510
 *LitleElk * 1508

SLinle Elk * 1463
" SLitleElk * 1446
 eLileElk *. 1369
 SLitleElk * 1184
- eLinleElk * 1103

 *Litle Elk * 1018
SLitfle Elk * 1000

204 194 207 193" 209 192 210 189 257 . 189
258 192 264 193 268 194 272 195 283 196
308 196 310 196 328 196 339 196 343 196
352 195 356 194 357 194 379 194 385 195 . R _
390 195 395 194 433194 437 194 464 195 - ,
481 195 483 195 485 195 500 195 580 200 - |
930 ‘_"220 1280 240 ‘ e

. Mannmganalues, um-=3

Sta. Value Sta. Value Sta. Valuc
- 88 .08 202 04 272 08 '

‘Bank Sta: Lef Right Lengths: Lef Channel R1ght Coeﬁ‘Contr Bxpan

202 22 . 0 0 0. 1 3

.“‘t.#l#t#*#“#.t.t*#l#.“‘**t!t.##“##it.#ttt‘t‘*l.'t.#l#.##l‘.‘#l.“""“t#ttt o
e | | | |

| SUMMARY OF MANNING"SNVALUBS

.‘tt##i‘.i"tt'tt‘*‘t‘tt‘*#‘tt#tti#l‘l‘##titi#l‘*#lt‘#

. Reach‘R1verSta*n1'n2*n3‘.

_‘ltt‘#.‘0""#‘0##.tt##t#ti#‘*ttt*#tt#“‘tttt##‘!#“!# )

*Little Elk * 2548 * 05* .04* .05*

*Little Elk * 1748
*Little EIk * 1736

06* .04% 05*
06* - .04% 05%

- 06% .04%  .05%
©.055* .04* 08¢
055¢ .04* 08*
06* 04%  05%
06* .04%  05*
Culvert* * ¢
06% .045% .034*
06* .045% 034*
|06* .045* - 034*
06% .045* 015*
06* .045* 015%
06* .045* 015¢ -
.05% .045%  015*

1 .05% .045%. .015¢
05* .045% 017*
055¢ .045* 017*
055¢ .045* 017*
055 .045% 017*
055% - 045% 015%

*Litle Elk * . 1491
*Little Elk * - 1474
*Little Elk * 1466
*Little Elk * 1457
*Little Elk * 1419
*Little Elk * 1310

*Little Elk * 1170

L AR JEE BN R JEE NN BEE JEE K BEE JRE AN NN B B BN N RN B S
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- *LitleElk * 755

" *LitleElk * 562
- %Little Elk * 479

. SLitfleElk * 2548

*Little Elk * 1 996.5 * Bridge*t * * - o
*Little Elk * 993 * .055* .045* .015* . L S IR J
"sLileElk * 982 * .055* .045* 015* - . - . o 4
*Little Elk * 905  * .06* .045* .018* , : o
_*LittleElk * 854 * .06* .045% .027*
C#LittleElk * 777 * .06* .045% .04%
: * 06% .045* .035% .
. *LittleElk * 742" * .06* .037* .011*
*Little Elk * 734 * Bridge* * * R
*Little Elk * 725""". 08* .037* .011*
*LittleElk * 715 * .08* .04* .05* - N T
‘sLittle Elk.* 646. *. .08*. .04*. .05* ' - . .. co
*  08* .04* 06* Ce : S
*+  08* .04* .08*
* 08"  .04* 08* .
*  08* .04* .08 :
*  08* .04* 08¢
: * Culvert* ] I T
" *LitleElk * 399 * .08* .04* .08*
~ *LittleElk * 390 * .08* .04* .08*
*LittleElk * 0 * .08* .04* .08*

.&t.tl.‘.‘#‘“.‘.“t.““‘O.ttttt‘#tttl‘t.tltit‘ttt“#“

_ *LitleElk * 465
" *Litle Elk * 433
*Little EIk * 413
*Little Elk * 406

f .
, ¢-tutt¢tttttttttututtututtunt1-1-ttuunuuqtnt-tnuiuqtquiuuiut' \J
SUMMARY OF REACH LENGTHS -

tt##t‘t#t‘ﬁtt‘i‘.tttt#t.i.t“ti‘#tttt#t###i#i#it‘t‘ttt

'* Reach -* River Sta. * Left * Channel* Right *

| * 800* 800* 800*
 *LitleElk * 1748 *- 12¢ " 12¢ 12*
*Litle Elk * 1736 '* 16* 16* '16*
*LittleElk * 1720 * 114* 114* 114*
*Litle EIk * 1606 ¢ 68*. 68* - 68*
*LittleElk * 1538 * 28*  28* 28*
*LittleElk * 1510 * 2¢ 2* 2%
*Litle Elk * 1508 .*  34* 34% 34+
. *LittleElk * 1491 *Culvet* ¢ *+ |
*LitfleElk'* 1474 * 8§+ 8* §*
*LittleElk * 1466 * 3* . 3* ~ 3¢
*LittleElk * 1463 ¢ 6* 6* 6* (
*LitleElk * 1457 '* 11* ~11* 11* . .
*LittleElk * 1446 * 27* 27* 27* - e .
* 50*  50* .50 NS

*Little Elk * 1419

AR100354



*Little Elk * 1369
*Little EIk * 1310
*LitleElk * 1184

*Litle Elk * 1170
*Little EIk * 1103

*Little Elk * 742

- ¥LittleElk * 734
. SLittleElk * 725
- *LittleElk * 715

*Little Elk * 646

- *Little Elk * 562 -

sLittle Elk * 479
*Litle Elk * 465

-~ LittleElk * 433

*LittleElk * 413

. *Little Elk * 406
' SLittleElk * 399
. “LittleElk * 390
*Litfle Elk * "0

MAEBRESDERR NP R R R R R SAE RIS R R EL A RI R R R SRR ER SRS R SRS AR RS

. *LittleElk * 1018

" *Little Elk * ' 1000
*Little Elk * 996.5 * Bndgc"'

. *Litle Elk * 993 -
*Little Elk * .982 .

. "Litle Elk-* 905

*Littlc Elk * 854 -
*Little Elk * 777
- *LittleElk * 755

..

»
.

500

126+
140

59+

126*
14*

59+ .
126*

L4

14+

*66.99999*66.99999*66.99999*

-

ioiy,cri.i'_ii_a'hoioﬂpﬁo

18+
.

n*
™
51
774
22e
13+
17

g4+
83+

- 32¢
20%
14*

249
390+
0*

Bridge*
69
69* .

14*

Culvert* -

7%

. . I

11*
774
51%

71?"
224
13e

17*

*

69¢

=83‘

14*
3¢

-20%

14t

N

9*

390+

0*

69%
84¢

18+

7*,

LW .

11¢

7%
51* . .
o FAT
2%
13
17%

. ‘.. i

60*
69+

84

83+

14* -

32+

20%

14¢

B

or
-390*
o+

¢84.99999+84.99999%84.99999¢ '
18 - .

LIRS T LTI T T T L T T I R P L e et e e L L L L L P T T L LT e L

L2

SUMMARY OF CON’I'RACTION AND EXPAN SION COEFFICIENTS

‘.

*Little Elk * 1748

*Little Elk * 1736

*Little Elk * 1720
*Little ELk * 1606
*Little Elk * 1538

" *Litle Elk * 1510

" 4 8.8 =

.]t‘
‘_.]i
Jq
L]
1e

as

e

3

.3’
3

3+

3

3

l ¢‘tttttt‘#ttt##t*tt#“ttt*‘tttt#“‘tttit“lt#

- * Reach *RiverSta.* Contr‘Expa.n ¢

! Q“#t#t‘tttttt‘t.tt.it*.t“ittt"“i“‘i“.‘t'

SLittle Elk * 2548
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*Litle Elk * 1508

. *LitleElk * 1491
. SLittleElk * 1474
 SLittle Elk * 1466

“SLittle Elk * 1463

*Little Elk * 1457

 *Little Elk * 1446

*Little Elk * 1419

" SLitleElk'* 1369
- SLinleElk * 1310

" sLitle Elk * 1184
*Little EIk * 1170

. SLittleElk * 1103

‘*LittleElk * 1018

*Little Elk * 1000 -

*Little Elk * 993
*Little Elk- * 982

 *LittleElk * 905

- *Little Elk * 854

- *LittleElk * 777

- *Little Elk * 755
© SLitléElk * 742
*Little Elk * 734

*Litle Elk * 715
*Litle Elk * 646
*Little Elk ¢ 562°

" *LileElk * 479

*Little Elk * 465

. *LileEk * T25

*Little Elk * 433

" *LitleElk * 413

" *Little Ek * 406
-SLitle Elk * 399

© *LitleElk * 390
- *LittleElk * 0

) ttt‘t##‘tt‘tttttt‘t"‘it“‘t“t#tt#‘t#l““.‘

-

L B B N DR BE N A B

.,.

*Little Elk * 996.5 . Bndge"' .

* Culvert"'

*

th&p‘;.t&f.i}-iﬂ

3%
3
.

8 b

3‘

s
1
B b
1*
B b4

}‘
Jd*

. 1‘
1‘

g%
e ’.l.

Bridge*
3+

BLE

- ..3‘__ :

3
3
3

3
3

.3‘ ‘. B
3¢
3*

3
3

3
5
5

.

5%

s
3

3¢
3
3
5

S
3%
3¢

.3.‘.
3

3*
3t
.

l*..

3¢
3%
3
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- Plan Title: Plan 01

. ) . . .‘ "

HEC«-RAS Version 1 2 Apnl 1996 o
~ U.S. Army Corp of Engineers
. Hydrologic Engineering Center -
'~ 609 Second Street, SuiteD
Davis, California 95616-4687
(916) 756-1104

- t#tttttttttttt#iQ#ittt#tititl#ttttt.tt#ﬁttttt#t‘t##ttt##*ttttiti#tlfitt!‘tttt*'
‘.. N . < ) " v - . ~

PROJECT DATA - |
Project Title: Little Elk Creek 100 Deszgn
. Project File : proposed.prj
Run Datc and Time: 3/9/98 10:08:14 AM
- ‘Pro_lcct in Enghsh_tmxts ‘

T T T T Y T T R T P P )

~ PLAN DATA\

o Plan Fxle c: \Junk\proﬁosed\proposed p01

.Gcomeﬂ'y'l'ltle Planol . ;  . "j
_ Geometry Fﬂc c\_]unk\proposcd\proposed pOl. o

Flow Tltle Plan 01,
' Flow File :c \Junk\proposcd\proposed pOI

Plan Summary Informauon -

o ~Number of: Cross Sections= 39 MuhtplcOpenmgs= 0 o Tt o

Culverts = 2 InlineWeirs = 0 R Y

o P
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: Computational Flo'w Regime: Mixed Flow

'Bxid'ges =1

i

- Computational Information

‘Water surface calculation tolerance = 01

Critical depth calculaton tolerance = .01

Maximum number of interations = 20 -

- Maximum difference tolerance . = 3 SR o

~ Flow tolerance factor = 001 SR

* Encroachment Data:None =« vo« >«

Flow Distribution Locations: Ndne j

i#"#'##“‘#*‘#i#*“‘tt#i#i"tt‘f#t#t*#t#t##*0f‘#i‘t.‘t‘#*tt‘ttittt'tlt*ﬁ*tt#t‘

e .-
- FLOWDATA

'-Floletle flow S S
. 'Flow File:c: \Junk\proposed\proposed.fOl '

Flow Data (cfs)

'#‘l"“‘."‘i‘t#tt##itt#*t‘Q.‘t*'!t#0‘0#l“‘iti.###*‘t‘#‘ﬁ..#i#t‘.#l!ti‘.l##l

HBERRRERRRE

' *Reach ~ RivSta* PF#I ‘PF#2 PF#3 PF#4 PF#S PF#6 PF#7 PF#8 .

;#tttﬁ***“"*##t#i#*t*#‘t“"‘.####"it#ﬁ*‘i#il#t*#‘#t"#t‘##tittl#‘#‘i‘t‘#tt#

SARPRFERERE :

* Little Elk 2548 * 18 2010 3139 4341 5032 6162 7459 12311%

"#“‘t#!t‘#lt‘.ittt.‘t!#F#.#.#!t#t##t*tt*t‘t##‘#i#i##“.tlt‘l"0#00!‘####‘&##t

SRR ERNEY c ) : ; . o

Boundary Conditions” A

.-.tttt#lt#tt##i#it#ltltt¢!tttttt‘ttti"ttlttt###t###0##!‘t‘tl#t'#lttt‘ti“i*t# l

* Reach = Profile * Upstream - Downstream *
i#*'*‘.‘#*#**"‘#itl.‘*#*t‘#*#l###*#t*##i#t###‘#l#l‘*lt‘.i##!ti#t#ttt*.#**.i '

C*LitleElk © 1*  NommalS= 004  NormalS= .004*
. *LimleElk - 2*  NormalS=.004 NormalS= .004*
 *LittleElk 3*  Noma!S=.004 - NormalS= .004%

*LittleElk  4* Nomal S= .004  NormalS= .004* ‘ ‘
*LittleElk 5* Normal S= .004  NormalS= .004* S
*LittleElk 6% Normal S = .004 Normal S = 004 * B
* Little Elk 7% - NormalS= ,004  NormalS= .004*

*LittleElk 8% NormalS= .004  NormalS= .004*

ttt‘#ttt##‘*l*tit#‘i*#*‘t###i*‘#t*tt#*‘“#tti#t#lttt*it‘#it*tt##t‘#*###t##i* L

qnloojsg



Y

###tt##Q‘ttt##t#‘F*‘t##'#tt##tt#tttl*i#t#t#i#'iit‘t##.###*OO_######*‘#.#!‘!*##.‘

GEOMETRY DATA |

'GeometryT‘ﬂeproposed o LT S
Geomctry Flle c\;unk\proposed\proposed gOl - ' '

CROSS SEC‘I‘ION INPUT - Reach: Little Elk River Stanon 2548
Description: Stream X-Sccuon 25+48

: ‘Stahon Blevauon Data. num-60 ' ,

Sta. Elev. Sta. Elev. Sta. Elev ‘Sta. Blev Sta. Elev.

-4 272 12 271- 22 2710 27 269 33 268

43 266 45 265 49 263 51 262 60 261

.72 260 79 259 8 258 108 254 113 253

- 123 250 128 248 132 247 140 246 145 245
155 244 165 240 167 239 170 238 180 234
'182.:233 191 230 197 227 201 225 203 224

© 205 223 210 219 213 218 218 217 232 216
235 215 240 213. 246 212 265 212 316 212 - .
317 213 318 214 374 215 383 216 395 216 .
435 217 464 218 483 219 .489 220 518 221
524 223 527 224 535 225 539 226 562 234
577 235“‘620 236 623 237 639 245 642 246 -

Mannmg'analucs, pum=3 ‘
Sta. Value Sta. Value Sta Value -
4 05 235 04 318 05 - ; ( _ R

Bank Sta: Left Rxght Lengths Left Channel R.lght Coeﬁ'Contr- Expan.
235 318 800 800 80 .1 3 -

'CROSS SECTION lNPUT Reach. L:ttle Elk Rlvcr Stanon 1748 :
Descnpnon Strcam X-Secnon l7+48 ' -

Statxon Elevauon Data, num-62 : .
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev Sta. Elcv ‘
4 272 12 211 22 270 27, 269 33 268

43 266 45 265 49 263 51 262 60 261
72 260 79 259 86 258 108" 254 113 " 253
123 250 128 248 132 247 140 246 145 245
155 244 165 . 240 167 239 170 233 180 234
182 233 191 230. 197 227 201 225 203 224
205 223 210 219 213 218 218 217 232 216

~ AR100360
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. 235 215 240 2137746 212 265 212 266 2105
305 208.64° 327 211.14 369 213 370 214 374 215

383 216 395 216. 435 217 464 218 483 219

489 220 518 221

539 226 562

639 '245 642 246 .

s
L

524, 223 527 224 °.535 225

'Mannmganalues, num-3 ' ‘ '
~ Sta. Value Sta. Value Sta. Valuc

4 06 235

04 374 05

!

234 577 235 620 236 623 237

Bank Sta: Left R.tght Lengths: Left Channcl- mght Coeff Contr Expan
' 235 374 12

CROSS SECTION INPUT Reach thtlc E]k Rwer Statxon 1736

12.

'Descnpnon Stream X-Sccuon 17436

Station Elevation Data, num = 64
Sta. Elev. Sta. Elev. Sta. Elev Sta.- Elev -Sta. Blev
33 - 268

4 27
43 266
72 260

123

155
182
205
235

255

370

464 .

527

"-620.

250
244
233

223

215

212
214
218
224
236

210 219
240 213
256 210.5

12 27
45 265
79 259
128 - 248
165 240
191 230

374 215

483 219

535 225

h 623 237

86 258

12 .

167 239

1

22 270 27 2695.
- 49 263

51 262
108 254

3

60 261
113 253

1132 247 140 246

‘ 9 170 238
197 227° 201 225

213 218 218 217
246 212 248 211-

145

180
203

232 216
254.5 211

245

234 -
224

216

305 20864 327 21114 369 213
1395 216 ..435 217
518 221

383 216

489 220
539 226
639 245

Manning's n Valucs, num = 3

Sta. Value Sta. Value Sta. Valuc

4 06 235 .04 374 05

‘235 374 16

© CROSSSECTIONINPUT Reack: Litte ;-:u: River Station: 1720

16

Descripuon Strcam X-Section 1’7+20

" Station Elevauon Data, num =75

16

524

223

562 234 577 -235

642 246

3

Sta. Elev Sta. Elev. Sta. Elev. Sta. Elev .Sta. Elev,

Bank Sta: Leﬁ R:ght Lengths: Left Channel Rxght Coeff Contr Expan

AR10036)



w0

2 273 8 272 19 2711 27 270 33 269 . R
40 268 45 267. 50 266 54 265 57 264 . )
68 263 75 262 81 261 86 260 156 246 o M
162 245 169 244 172 243 174 242 179 241
132 240 186239 190 238 192 237 197 236
200 235 203 234 206 233’ 213 229 216 228
220 227 224 - 225 227 222 230 .221 235 218
24421706 246 217 250 214 254 212 25521141
261 210.83 © 264 211.19 266 212 267 213 268 214
269 215 272 214 273 21591 274 1216 289 216
20021535 292 215 296 .213 331 208.92 368 211.02
.. 369..213. .37L.2145..374-.215 383... 216... 395...216...
-435 217 464 218 483 219 489 220 518 221
54 223 527 224 535 225 539 226 562 234
. 5T 235 620 236 623 237 639. 245 642 246

E Manmngana]ucs, num-3 U
. Sta. Value Sta. Value Sta, Value R
2 .06 292 04 374 OS | '

Bank Sta: Left R1th Lengths Lcﬂ Cha.nncl Rxght Coeﬁ' Contr Expan. .
. 292 374 114 114 114 ~Jd 3 e :
: LeﬁLevee Station=" 292 Elevauon- 215 ' B S )

g CROSS SECTION lNPUT Reach Litle Elk River Statxon 1606
Descnpt:on Stream X-Section 16+06 O

‘ ;Stauon Elevation Data, mm = 87 Lo ‘
© Sta. Elev, Sta. Elev. Sta Elev Sta. Blev Sta. Elev.
1 273 10 272 17 271 23 270 27 270
33 270 48 267 56 266 64 265 78 263
87 262 97 261 102 260 105 259 116 257
‘160 - 247‘ 200 237 205 236 .208 235 211 234
221 227 226 227 239 227 242 226 243 225
246 224 249 223 253 219 255 218 262 21724 o
263 217 265 216 263 214 270 212 1272 211
273 21047 278 210.08 282 209.98 283 211 287 21579 .
. 288. 216 300 216 305 215 307 2146 312 215 .
330 216 335 216 341 21556 345 215 348 214
350 - 213 351 211.06 379 207.67 406 211.72 407 213 = \ :
408 - 214 410 2146 411 215 424 ‘216 426 217 . .-,
435 217 438 216 454 215 462 215 467 216 -
470 . 217 475 218 485 219 -494 220 501 222 S
512. 223 521 223 531 223 542 223 544 22 R Do
545 221 547 220 548 219 552 219 554 220 - .- ~

L aRi00362



R

o 568 221 604 222 626 224 637 25 640 226
648 227 652 271 L .

" -Manmnganalucs, num=3 ' P
Sta. Value Sta, Value Sta. Value
1 055 345 04 411 08

-_Ban_k Sta Leﬁ nght Lengths Left Channcl R.:ght Coeﬂ' Contr Expan.
: 345 411 @ '68 68 68 13 . :
' Left Levcc Statxon-= 345 Elevanon*- 215

_ CROSS SECTION INPUT Reach thtleBlk vacr Station: 1538
. Descnpt:on Stream X-Scctlon 15+38 :

-Station Elevatxon Data, num = 60
Sta. Elev.. Sta. Elev. Sta. Elev. Sta. Elcv Sta. - Elcv R
10 272 58 266 63 265 €9 -264 76 263 _
84 262 94 261 99. 260 102 259 120 256 -
161- 248 168 246 176 244 190 239 200 235
209 230 210 229 214 227 217 226 221 225 @
231 222 245 221 248 220 263 ' 219 269 213 E
U 0273 211 284 210 29% . 210 298 211 302 215.
o 305 215 308 215 329 216 333 216 335 215
. 342 214 345 213 346 212 354 2105 374 206.5
- 388 207 400 210 401 213. 402 214 403 215
407 216 413 217 . 443 218 472 217 505 218
. 535 219 574 221 581 222 588 223 593 223
T . 616 223 622 224 642 230‘ 651 234 668 236

o Manmnganalues. num-3
© . Sta. Value Sta. Value Sta. Valuc
10 055 333 04 407 08

" Bank Sta Left Rtght Lengths Left Channel Rtght Coeffl Contr Expan._ -
. 333 407 - 28 28 28 13 , o
LefiLevee Station= 335 Elevation= 215
Blocked Obstructions, num-nl C ' -
Stal. StaR Elev "~

__####‘i#ttt#l‘#t“#tt‘_“#

456 516 223

‘_ ‘_caoss SECTIONINPUT Redch: thdeElk River Stat:on 1£) (VR
. 'Descnpuon Strcam X-Secnon 15+10 I

~ Station Elevat;on Data, num=84 o

AR100363



‘Sta. Elev Sta. Elev Sta. Blev Sta.' Elev. Sta. Elev
"1 273 8 272 ¢ ‘l 266 61 265 67 264 ‘
83 261 91 260 164 248 170 247 175 246

197 229 220 221 225 220 232 219 242 218
‘247 218 .248 21749 255 217 259 216 261 213

262 211 264 211" 266 211 269 210 270 209

271 208 273 207 274 20476 277 207 281 208

283 206.39 284 - 209 286 210 ,287 211 293 217

294 218 295 218 296 217 297 216 298 215.14
303 216 304 217 306 - 217 307 216 317 1215 .

327 21485 330 214 336 213 343 212.07 348 21097
- 349 209.61 .. 373 209.61.--388.210.95...402. 211.44- 403.3- 21284

404 213 405 214 411 215 416 216 433 217 -

448 218 453 218 505 216 S33 217 559 218

§73 219 575 220 576 221 578 . 222 S81. 223
592 224 593 224 597 223 598 223 601 223
620 223 626 224 630 225 635 226 638 227

642 228 ‘646 229 648 230 664 240

Manmnganalues, num=3 . o
Sta. Valuc Sta. Value Sta. Value
1 06 307 - .04 416 05

Bank Sta. Left Rxght Lcngths LeﬁChanncl Rxght Coeft‘ Contr'
’ - 307 416 22 2 13
LeftLevee Station= 317 - Elevation=" 21_5

~ Blocked Obstructions, num=1 -

SaL SaR Elev = . .

t't##‘tttt#t.ttttttt‘tti -

461 490 221

: CROSS SECTION lNPU‘I‘ Reach: Little Elk - R.wer Stanon 1503‘ -

N Dmphom Stream X-Sectmn 15+08 5

Station Elevanon Data, pum = 86

Sta. Elev. Sta Elev. Sta Elev.’ Sta Elev. St Elev.

1 273 8 272 51 266 61 265 67 264
83 261 91 260 164 248 170 247 175 246
. 197 229 220 - 221 225 220 232 219 242 218
- 247 218 248 21749 - 255 217 259 216 261 213
262 211 264 211 266 ‘211 269 210 270 209

271° 208 273 207 274 20476 277 _207 281 208 -

283 20639 284 209 286 210 287 211 293 217

294 218 295 218 296 217 297. 216 298 215.14

303 216 304 217 306 217 307 216 _"1317 215

ARIOD36L



w 327 214.85- 330 214 335 213° 343 21224 1349 209.61 S
N 37320961 388 21095 403721144 4035 21222 4038 21268

| 4039 212.84 404 213 405 214 411 215 416 216

428 220 435 220 448 218 453 218 S05 216

533 217 559 218 573 219 575 220 576 221 -

578 222 581 223 592 224 593 224 597 223

598 223 601 223 620 223 626 224 630 225

635 226 638 227 642 228 646 229 648 230

64 240 - |

Mannmg's n Values, num = 3 : |
Sta. Valuc Sta. Value * Sta” Value |
1 05 307 04 416 06

o _Bank Sta: Left RJght Lengths Left Channel nght Cocﬂ'Contr Expan. -
307 416 34 34 34 % 3 ,
LeftLevee  Station= 317 Elevat:on= 215 ' ) .
Blocked Obstructions, fum = 1 . ‘
StaL StaR Elev. =~ =
] #i#t###ttttt*tt#‘#t!t#‘* _ o

461 490 - 221

\©/  CULVERTINPUT  Reach:Litde Elk ~ River Station: 1491 |
" . Description: Upstream Dam (Bridge #3) o
Distance from Upstream XS= 1
- Deck/Roadway Width = 32
Weir Coefficient = 2.6 .
- Bridge Deck/Roadway Skew -
- Upstream Deck/Roadway Coordinates, mume7
. Sta. Hi Cord Lo Cord  Sta. Hi Cord Lo Cord Sta.HJCordLoCord .
. “.0‘#“*#l‘*#ti#"‘*‘*‘***‘.l.l.t*"F*l“*“'*.‘“*“‘tttt#‘#t#“t##‘*‘ )
320 212. 24 190 335 21224 190 350 212 02 190
374 211.53 190 388 212.04 190 403 212. 52 150
419 212.52 190 ) :
Downstream Deck/Roadway Coordznates, um-9
Sta. Hi Cord Lo Cord  Sta. Hi Cord Lo Cord Sta.HxCordLoCord }
‘..t"*“‘*.****‘***‘*‘i*.“**".‘t‘.t*#i'.“.“#‘**'*.#.‘.*“**“‘.*“#"
300 21459 190 333 21459 190 1333 212.82 190
336 212.57 190 342 212.83 190 359 212.17. 190
382 212.78 190 396 21322 190" 436 213.83 . 190
Elevation et which weir flow begins = = S
Maximum allowable submergence for weir flow= .95 = .,
Submergence criteria :Broad Crested - - o

. Number of Culverts= 1

AR100365 -



Culvert Name = Shape Rise' Span AR S
‘Culvert#1 = Box 1 11 S SR U
FHWA Chart # 16- Corrugated metal box culvert B S
-~ FHWA Scale # 2 - Thick wall projecting’ '

. Culvert Length nValue Entrance Loss Coef an Loss Coef
S 325 9 0

Upstream - Elevation = 210 '
: Centerline Station = 368

Downstream Elevation = 207.58 .
| - Centerline Statxon- 376

' CROSS SECTION INPUT-- Reach: Little Elk.- River Stauon 1474.
"Dcscnpuon Stream X-Section l4+74 o -

_ StauonElcvauonData. num-53 : R '

Sta. Elev. Sta. Elev. Sta. Elev, Sta, Elev. Sta. Elev.

7 270 43 26555 263 69 261 73 260

92 256 127 250 158 247 163 246 170. 245

. 183 243 196 234 219 221 224 219 228 218.

232 2177 242 216 249 214 263 214 269 207

. 273 206 275 205 276 204.1 284 2041 291 205

293 206 297 216 300 217 307 - 217 312 . 203 T

. 393 203-- 394 19795 41819795 430 217 440 214 . o u |
430 214 530 215 557 216 573 217 577 218 g o o
582. 220 585 221 589 222 594 224 602 224
604 223 ° 607 223 631 224 634 225 645 230

_'651 235 656 240 662 ,242'_ )

Manmng'analucs, mm=3 :
Sta. Value Sta. Value Sta Value. '
7 06 307 .045 430 034 o

‘l' Bank Sta: Left nght Lcngths Lcﬁ Channel nght Coeﬂ' Contr. Expan.'
307 430 8 8 8 13 . ¥
LeﬁLevee Stauon- 308 Elevatmn- 215 o o T

- CROSS SBCTION lNPUT Rcach. Lmle Ek River Stanon 1466

< Dcscnpt:on.StrcamX-Sectxonl4+66 R DR

Station Elevation Data, nutn=70 Ce o .
- Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev Sta. Elev B -
17 '268 26 266 31 265 40 261 49 263 o
52 262 58 261 .63 260 74 259 79 ‘258

837257 119 250 124 249 134 248 143 247 - - e

155 246164 245 168 244 177 243 188 241 o

_nﬁiodaes”-



U 9200 233 218 223 - 224 220 233 217 242 ‘216
248 214 252 213 264 213 272 207 274 206
276 204 291 204 300 213 305 203 311 202
'317 201 329 201 330 203 334 203 335 2002
357 2002 358 202.53 379 202.53 380 197.76 395 195.49
S 417°19549 418 1985 419 - 200 422 202 427 212
‘ 433 213 435 213 438 214 498 215 531 216,
567 217 577 219 584 222 589 224 595 225
. 599 225 605 224 611 224 625 225 633 233
639 .234 642 238 651 239 652 240 655 242

1

Manmngs nValucs, num-3 P
Sta. Value Sta. Value Sta. Value
17 .06 300 045 438 034

Bank Sta: Left Rxght Lengths LeﬁChannel Rxght Coeﬁ‘Conu- ‘Expen.

300 438 . - 3 3 3 .1 3
Leﬁ Levee Station=. 300 Blevatxon- 210
! - :
CROSS SECTION lNPUT Reach L:ttleElk Rwer Stauon 1463
Descnptxon Stream X-Sectlon 14+63 - .

' v . Station Elcvauon Data, num- 75 ; : '
' Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev Sta. Elcv
5 265 10 265 20 265 29 . 262 37 26_1 L
46 259 55 258 70 253 75 253 80 254 ... .
., > 8% 254 96 253 101 252 103 -251 109 250
' 123 247 133 246 '145 245 170 242 184 240 .
S - 194 238 196 237 212 227 220 223 227 220 . -
R . 234 217 241 217 243 217 245 216 253 213
268 213 271 212 276 207 284 206 286 202
295 0202 298 203 303 204 308 202 309 201
321 200 322 200 332 202 333 203 339 203
342 202 348 1955 360 1955 380 197 390 197.5
- 412 198 423 199 423.5 2055 424 212 425 212.11
- 433 213 435 213 438 214 498 215 531 216 .
567 217 577 219 584 222 589 224 595 225.
. 599 225 605 224 611 224 625 225 633 233 .-
. 639 234 642 238 651 239 652 240 655 242

Manning'SnValues, num = 3 L
Sta. Value Sta. Valué Sta. Valuc o '

- 5 06 342 045 438 034

Bank Sta: Left nght Lengths Left Channcl mght Coeﬂ'Contr Expan. -
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342 438 6 6 6 . 3

CROSS SECTIONINPUT Reach: Little Elk - River Station: 1457
Dcscnpnon Stream X—Sccnon 14+63 S o ,

Stanon Elcvatton Data, num- 69 S

 Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev Sta. - Elev >
5 265 10 265 20 265 29 262 37 261
46 259 55 258 70 253 75 253 80 254 -
88 254 96 253 101 252 103 -251 109 250 -

123 247 133 246 145 245 170 242 184 240
194 238 196 237 212 227 220 223 227 220 |
234 217 241 217 243 217 245 216 253 213 Co
268 213 276 209.5 276 204 289 2027 290 201 -
329 201 333 202 339 203 342 203 348 202
360 195.5 380 1955 390 198.29 412 19848 413 202
. 420, 203 422 20427 426 205 427 212 435 213 .
- 438 213 498 214 531 215 567 216 577 217
584 219 589 222 595 224 599 225 605 225 -
611 224 625 224 633 225 639 - 233 642 234

-~ 651 238. 652 239 655 240 663 242

o .Manmng'analucs, num-3 L
Sta, Value Sta Value Sta. Value .
5 06 348 045 427 013 ‘

Bank Sta: Left Right Lengths Left Channel Right Coeﬂ'Contr Bxpan._ o
.8 427 1 114 3 |
| -Blockchbstmctxons, aum=1 S
StaLL StaR "Elev -

"trtttttttttttttttttttttt

452 527 220 '

CROSS SECTION INPUT . Rcach.thtle Elk Rlver Statlon 1446
Dcscnptxon Stream X-Sccnon 14+46 ‘ .
Stauon Elevat:on Data, num-70 A '

Sta. Elev. Sta Elev. - Sta, Elev Sta. Elev Sta. Blev

0 263 - 21 262 24 261 28 260 35 259

50 253 56 251 59 250 62 249 75 249‘

79 250 - 81 251 91 251 96' 250 120 24s.
- 160 240 180 238 190 236 196 235 201. -234

203 233 212 226 214 225 216 224 232 219 L
236 215 239 215 244 216 245 216 246 215 .
- 250 212255 211 269 211 272 211 278 207
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 Bank Sta: Leﬁ nght Lengths Leﬂ Channel R.lght Coeff Contr Expan.

nR|00359'| 

280 206 288 205 296 20461 300 204 30320244

304 0203 313 202,51 -325 202 329 200.54 335 200.83

343 202.36 350 200.61 362 197.77 382 199 386 201

403 202 407 203 414 203 415 - 204 . 423 205
424 211 425 21144 426 212 557 215 564 216
570 216 573 216 580 217 583 218 595 225

607 225 633 225 635 226 651 238 663 242

Mannmganalues, num = 3

Sta. Value Sta. Value Sta. Value
0 .06 343 045 426 013

Bank Sta Leﬁ Right Lengths Lef: Channel R.lght Coeff Contr. Expan
343 426 27 27 27 13 ‘

- Blocked Obstructions, pum =2

StalL StaR. Elev Stal StaR F.lev

"l“'#‘#i#"*00*‘*“#‘*t.‘t“##t‘*t*#!#ttttt#t#

220 230 230 454 532 220 \‘

CROSS SECTION l'NPUT ‘Reach: Little Elk River Statxon 14!9

Descnpnon Stream X-Secuon l4+19

Statxon Elevatmn Data, num=75 S - o
Sta. Elev. Sta. Elev. Sta Elev. - Sta. Elev. Sta. Elev.
14 257 . 20 256 32 .253 34 253 37 253
40 252 49 251 54 250 62 247 75 247

79 248 84 248 108 242 128 238 136 237
173 232 185 230 190 228 196 227 219 222
222 221 232 217 235 215 237214 240 -213-
241 213 247 213 250 212 256 211 259 210
275 209 277 208 281 205. 284 205 287 206
290 207 292 208 305 208 308 207 310 206
314 205 318 204 321 203 324 202 328 '201w
334 201 344 201 351 202 353 202 381 201
391 203 399 205 401 206 401 209.75 405 209. 75

413 211 419 212 422 212 442 212 557 214
5§72 220 574 220 576 220 580 221 582 222
584 223 585 229 591 230 593 230 596. 230 . -
608 - 230 610 229 .613 228 636 228 660 242

Manmngsn Values, num=3 S
Sta. Value * Sta. Value Sta. Value - ¢
14 06 318 .033 419 .013 ~

-



38 419 - 50 56 500 1.3
Blocked Obstructions, num=1 R -
StaL StaR Elev -

tt#tt#‘t**t##t#!‘t‘#t‘#i

449 526 220

CROSS SECTION INPUT Rcach Little Elk chr Station: 1369
Dcscnpuon. Strcam X-Sccuon l3+69 -

Station Elevauon Data, num-53 | |

' Sta. Flev. Sta. Elev. Sta. Elev.  Sta. Elev. Sta. Elev.
11. 254 18- 253. - 44.-243... 67--243.,.72-.242.
79 241 89 239 105 235 142 229 162 224
171 220 174 219 186 218 191 217 219 210
233 210 255 208 258 208 260 208 277 207 .
280 205 281 204 286 204 288 205 291 206
305 205 306 204.33 306.5 204 307 203.67 308 203
318 201 344 2005 354 2005 363 201 368 203 -
374 205 377 206 377 209.75 . 381 209.75 383 2099 -
388 210 396. 211 400 211 415 211 488 211.52

555 212 559. 216 563 220 586 229 608 230 '
618 233 639 234 650 240 :

Mannmganalues, num-3 _ :
 Sta. Value Sta. Value Sta. Value
11 .05 306.5 .033 396 013 -

Bank Sta: Left nght Lengths Left Channel R1ght Coeﬁ‘ Contr Expa.n. '
: 3065 396 - 59 59 59 5 B ,
LeftLevee  Station= 288  Elevation= 205 -

. - Blocked Obstructions, num =2

StalL. StaR Elev Stal StaR. Elev

!‘i#‘t#‘#‘#.t#‘##t‘tt#ti#"‘#Ii*““ti#t#‘#i‘#ti

236 258 220 449 526 220

CROSS SECTION INPUT Rcach L1rtle Elk Rwer Stanon 1310
Descnpt:on Stream X-Sectxon 13+10

Statxon Elevanon Daxa, num=69 ' R
Sta. Elev. Sta. Elev. Sta, Elev.. Sta. Elev, Sta. Elev.
23 °252..28 251 45 243 54 242° 80 241 .
87 240 102 235 105 234 110 233 115 232
118 231 120 230 122 229 140 225 145 224
149 223 155 222 160 221 164 220 168 218 -
173 215 179 211 183 210 220 - 208 240 207

!
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| .+ 277 206 280 205 282 204 285 203 287.-202
(. 200 202 291. 203 292 204 295 205 296 204
© 208 201 302 200 304 19925 319 199 339 200 .
349 201 353 203 - 360 204.75 360 208.5 364 208.5
367 208.8 370 209 551 213 557 215 567 220
574 221 577 222 579 223 580 224 581 225
582 226 583 227 585 228 604 229 608 230
611 231 614 232 '618 233 620 231 622 235
624 236 647 237 650 238 658 242

Manmnganalucs, num =3
Sta. Value - Sta. Valie ' Sta: *Valuc
"23 05 296 033 370 013 .

- Bank Sta: Left R.lght Lengths: LeﬁChannel Right Cocﬁ' Contr Expan.
. 296 370 126 126 126 .1 - .3 , _
Blocked Obstructions, num =2 o

'StalL StaR Elev Stal StaR Elev’

utuuuttnnuunuuuunnunuuﬂntn ot

y
189 217 220 394 524 220

: CROSS SECTION INPUT Reach: LittleElk R.wcr Statlon 1184
u .+ Description: Stream X-Section 11+84 ' :

Stauon Elevat:on Data, num-67 ‘
Sta. Elev. Sta. Elev.. Sta. Blev Sta. Elev Sta. ‘Elev.
8 256 26 255 S0 254 58 253 62 252
67 251 .73 250 141 240 151 239 160 238 _
‘164 237 167 236 167 235 171 234 . 175 233 -
179 232 182 231 184 230 187 229 202 220 -,
203 219 206 218 209 217 211 216 213 215
225 210 231 207 240 206 267 205 270 2044
C 0271 2042 272 204 277 203 283 200 286 200
., 286 - 198 320 198 322 199 324 200 . 326 201
- 330 203 338 204 338 206.75 342 206.75 345 207
357 207 558 211 562 214 570 224 573 225
. 575 226 5771 227 603 228 612 229 614 230 B
©616: 231 618 232 620 233 621 234 622 235
623. 236 632 240 636 242 662 243 665 245
671 249 676 250 . S

Manmnganalucs, num=3 o T B
Sta.” Value Sta. Value  Sta. Valuc o : L

u '8..05 272 033 338 013
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,

Bank Sta: Left Rxght Lengths Left Channcl R.lght Coeﬂ' Conu' Expan
U272 338 4 4 M4 1 3

Blocked Obstructions, num=2 .. ST
Stal, StaR Elev Stal StaR Elev

tt#*#*ttt#l*ttt*#it*##tt####t*tt##tt##‘#‘tt#.‘*t

211 234 220 382 - 531 20,

- CROSS SECTION INPUT Rcach Lmle Blk vaer Stauon. 1170
| Dmnptlon Stream X-Section ll+70 :

Station Elevation Data, num-68 -
- Sta. Elev, Sta. Elev: Sta: Elev.- Sta.» Elev. Sta. Elcm -
8 256 26 255 50 254 58. 253 62 252 ﬂ,
67 251 73 250 141 240 151 239 160 238
164 237 167 236 167 235 171 234 175 233
C 179 232 182 231 184 230 . 187 229 202 220 _‘
203219 -206 218 209 217 211 216 213 215
S 225 210 231 207 240 206 267 205 270 - 204
2730 203 279 '202 280 201.55 282. 201 287 200
288 19825 300 198 320 198 323 199 325 200
328 201 332 203 338 204 338 206.75 342 206.75
3457 207 357 207 558 211 562 214 570 224
. 573" 225 575 226 577 227 603 228 612 229
614 230 616 231 618 232 620 233 621 234
622 235 623 236 632 2407 636 242 662 243
665 245 671 249 676 250 S SRR

Mannmganalues, num = 3
Sta. Value Sta. Value Sta. Value
8 055 270 033 338 .013

~  Bank Sta. Left R:ght Lengths: Leﬁ Channel Rxght Coeﬁ’ Contr Expan.
- 2700 338 - 66.9999966. 9999966 99999 J 3
Blocked Obstmctlons, num=2 :
Stal, StaR Elev Stal StaR - Elev

’ 0*.*‘t#t#ttti.t*‘ttt‘i#‘it‘itt#.##t.#*‘tit#‘t“t N

2 234 220 382 531 220

- CROSS SECTION lNPUT ‘Reach: Little E!k R.wcr Station: 1103
Dcscnpt:on Steam X-Sect:on 11403 '

Station Elevanon Data, num-75 . ‘ ' :
Sta. Elev. Sta. Elev. . Sta. Elev. Sta. Elev Sta, Elev
4 253 11,252 (17 251 30 250 42 249
68 248 77 247 83 246 87 245 106 241
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- 110 240 119 237 123 236 126 235 135 233
O 140 232 146 231 156 230 162 229 167 228"
Lo 173 227 178 226 181 '225 183 224 192 219 .
194 218 196 217 199 216 201 215 210 211
216 210 223 209° 230 208 234 207 244 . 206
252 205 271 204 273 20397 274 203 .276 202
279 201 283 200 284 199.5 285 198 304 198
318 199 324 200 327 201 331 203 334 2035
33420625 338 20625 341 - 207 347 207 388 207
536210 549 210 561 211 565 214 567 215
573 223 575 224 577 225 580 226 602 227
610 228 612 229 613 -230- 621 235 630 -240
(637 243 660 244 662 245 669 250 677 252

A Mannmganalues, num =3 :
' Sta. Value Sta. Value Sta. Valuc
4 055 273 033 341 013 -

Bark Sta: Left nght Lengths: Left Channel nght Coeﬁ‘ Contr Expan .
273 341 - 84.9999984.9999584. 99999 0 30 T

- Blocked Obstructions, num=1 3 -

-~ Stal StaR Elev = =

‘ v I T P T T P T R T T LT v

385 507 220

._ CROSS SECTION INPUT  Reach: Little Elk. vaer Station: 1018
.. Description: Stream X-Scctlon 10+18 IR

, Stauon Elcvatxon Data, num = 56 ,
Sta. Elev, Sta. Elev. Sta. Elev Sta. Elev Sta. Elev.
. -0 223 .7 220 35 215 120 210 126 209
.- 135 208 190 207 234 206 268 206 270 204.86
271 203.99 272 203.12 274 201 280 193 282 198 -
© 298 . 197 320 198 323 199 328 200 ‘330 201
334 203 337 204 337 206.75 341 206.75 344 2065
346 206.5 351 206 426 207 454 :208. 450 209 -
565 210‘ 574 213 575 214 578 215‘ 581 216 .« .
583 217 585 220 586 223 589 224 594 225 -
605 226 614 227 616 228 618 229 620 230
633 238 639. 238 645 238 656 239 682 240
‘669 248 672 249 676 250 679 251 682 252
686 253 .. e
\_/. . - Manning's n Values, num=3 o
' Sta. Value Sta. Value Sta. Value
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' 0 055 271

033 337 013

I

| Bank Sta: LeRt Right Lengths: Lef Cha.nngl R.!ght Cocﬁ'Contr Expan.

271

337

18 .18

Blocked Obstructions, fium =2
Stal. StaR Elev Stal StaR Blev L

tt#tttttit##*ttt#l#‘tt###iit##.‘itt*l“itl.##t#i -

100 230 428 514 220’

69

18

Dcscnpton Sm:am X-Section 10+00 .

: Stahon Elevauon Data, num-64 :
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev Sta. Elev.
1,0 217 20 216 28 215
36 212

Jlr

219

31. 214

135 -

275

286 198.69 -
327

341

426
575 «
586

616
645

676

208 -
203

199
206

207

214
223

. 228

238
250

5.218

33

213

q

‘ 2 18 210
190 <207 234 ° 206 273 204 274 203.5

3

126 209

'CROSS SECTION INPUT "Reach: Little Elk ' chr Statxon 1000

276 2025 277 202 283 201,36 286 201.36
198

289
333
346

454
578

589

618
- 656
679

197 299 19637 314 .

200
206
208
215

‘24

229
239
251

335

349

490
581
554
620
662
682

| | Manning's n Values, num= 3

Sta. Value Sta Value Sta. Value

201

207

209
216
225

3%
240
252

055 275 033 346 013

1339
361
565
583

605

633
669
686

197 321

203

207

210
217

226
238
248

253

341

204

361 20625 .

574
585
614
639
672

213

. 220
227

238

249

" Bank Sta: Left Right Lengths: Left Channel nght Coeﬂ‘Conu' Expan.
215 346

T

.Stal StaR Elev

MERRERE R R Rk R e Rk kdEkE)

110 230

53

. 7 N
~ Blocked Obstructions, num=1 -

7.

S

3
L

‘ CROSS SECTION INPUT ‘Reach: Little Elk - River Station: 993

' Descnpuon. Stream X-Secnmn 9+93

| StanonElevanonData, num-64 o
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elcv
5 218

: . 1

219

10 217 20 216 28 215

-f,A310037u'



" CROSS SECTION INPUT Rcach Lmlc Elk . R.lver Stat:on 982

-

31 214 33 213 36 2120 118 210 1260 209
135 208 190 “207 234 206 272 204 273 203.6
274 2032275 2028 277 202 282 201.3 285 2013
285 1983 290 197 299 19637 ~'316 197 323 198
328 199 332 200 334 201 338 .203 341 204
341 206.75 345 20675 348 207 360 207 360 20625
426 2070454 208’ 490 < 209 565 ;210 574 213
575 214 578 215 581 216 583 217 585 220
586 223 589 224 594, 225 605 226 614. 227

616 228 618 229 620 230 633 238 639 238

. 645 238 656 239 662 240 669 248 672 249
676 250 679 251 682 . 252 686 253 .

: ."Mamunganalucs, num-3 |
 Sta. Value .Sta. Value Sta. Value

1 055 274 033 341 013

. BankSta:LeR Right Lengths Left Channel Right Coeﬁ‘Contr Expan o

274 341 11 11 1m . _.l"/.3

~ Blocked Obstructions, num =]

Stal StaR Elev.

ET T T I eI T T T T I TY T Y S,

- 58 108 230

Description: River X—Secuon 9+82

Station Elcvanon Data, num =59

Sta, Elev, - Sta.. Elev Sta. Elev. Sta. Elev. Sta. Elev.
1- 219 5 218 10 217 20 216 28 215

31 214 33 213 . 36 212 1_18 210 126 209

135 208 190 207 234 206 266 204 268 .203
270 202 277 2013 280 201.3 280 1983 283 198

286 .197 303 1965 ‘318 197 323 19822 327 199

330 200 332. 201 336 203 340 204 340 206.75

344 206.75 347 207 359 207 359 20625 426 207

454 208 490 209 565 .210 574 213 575 214
578 215 581 216 583 ‘217 585 220 586 223

589 224 594 225 605 226 614 227 616 228

-~ 618 229 620 230 633 238 639 238 645 238

656 239 662 ‘240‘ 669 248 672 249
Manmnganalucs num-3

Sta. Value Sta. Value Sta. Value ﬂ
1 055 268 033 ‘340 013
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t

Bank Sta: Lcﬂ Rzght L-gths Leﬁ Cha.nnel R:ght Cocﬂ' Contr Expan.
.. 268 340 oY R v R ¥ | q .3 ‘
+ Blocked Obstructions, num=3 . | :
- StaL 'StaR Elev StaL StaR E!ev SmL StaR Elev '

‘#itit*#it*‘#ttit*#t‘tt##tl‘#t'#..t#*tt#i##t###‘#it‘tttttt#**t*tt###.#tt -

70 85 230 489 581 220 374 414 220‘

* CROSS SECTIONINPUT Reach: Litde Elk Rmr Station: 9os
Dcscnphon Strcam X-Scctmn 8+54 '

StanonBlevanonData,. num-_37 S -
Sta. Elev, Sta, Elev.. Sta. .Elev... Sta,. Elev... Sta, .Elev.... . ..

- 40 215 66 214 131 211 160 210 181 209
278 20692 279 207 283.. 206 286 205 288 - 204.
291 - 203 293 202 295 201 299 199 301 198 ,
303 198 348 198 351 198. 355 199 358 200
361 201 365 203 369 204 369 206. 75 373 206, 75
376 207 385 207. 468 207 518 209 548 223 .
569 224 594 225 616 226. 626 227 647 229
650 230. 670 240 R R I

‘Manmnganalues, num-3 o o
© Sta’ Value Sta Value Sta Va.lue o
40 06 293 033 369 015 K

, _Bank Sta. Left Right Lengths Leﬁ Channel RJght Cocﬁ' Contr. Bxpan.
- 293. 369 51 51 S .1‘ .3 . ,
Blocked Obstructions, num =3 : '

Stal. StaR Elev -Stal StaR Elev Stal StaR Elev

#0“#tt‘i.t‘it"t“‘*itt#"“‘t#‘it*#t#ittt't#tt"t'#‘##itt‘itt‘t#‘ttt*t

96 126 230 484 543 220 385 414 220

 _CROSS SECTIONINPUT Reach Little Elk R.wer Stanon. 854 -
- Description; Stream X-Sectxon 8+54 - E :

- Station Elevatlon Data. num = 44 ' ' ' o
‘Sta. Elev. Sta. Elev. Sta Elev. Sta. Elev.. Sta. Elev. .~ -~
40 215 66 214 131 211 160 210 181 209 ' o
~ 27820692 279 207 283 206 - 286 205 288 204
291 203 293 202 295 201 296 199 301 198 _
3041972 313 1972 341 1972 348 198 353 199
357 200 364 203 368 204. 368 206.95 372 206.95 ’
375 207.1 - 385 207.1 468 -209. 518 223 548 224
569° 225 587 230 594 231 .:597 232 600 233
606 234 610 236 616 237 6‘24'. 238 628 239

4
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63i 240 635 250 672 251 678 252

' ,Manmng sn Values, num = 3

Sta. Value Sta.  Value Sta. Valuc : : L
40 06 293 033 368 025 o 'j o o

' Bank Sta: Left Right 'Lengths: Left Chanzel mgm Coeﬁ'Contr Expan.

293 368 /R A v .l .3

Blocked Obstructions, num =3

Stal. StaR Elev StaL StaR Elev StaL StaR Elev

. tttiti*it##tt‘.ttttt*ti*.###*##*#l‘lt‘*t*tit#‘tlttttt##*‘*#“i.ttt*t##t#

75 117 230 484 543 1220 - 385~ 414 220

CROSS SECTION INPUT Reach L;ttlp Elk Rlver Statton 777 ;

* Description: Stream X-Section 7+77

| Stanon Elevanon Data, num = 55

‘Sta. Elev. Sta. Elev. Sta. Elev.  Sta. Elev Sta. Elev.
27 219 54 218 84 217 98 216 122 215
138 214 150 213 160 213 163 213 178 213
221 212 301 211 305 210 308 209 310 20922
312 208 314 207 316 206 318 205 319 204.17
320 203 33 321 202.5 324 200 326 19733 329 196.36
334 196 360 197 366 198 372 199 378 200 -

| 391 203 394 204 394 207.8 398 207.8 401 207.8

428 208 -448 208 475 208 478 208 495 208

511 213 523 214~ 532 215 535 216 539 220 -
540 221 541 222 542 .223 547 223 551 222
.563 222 580 ,231- 592' 234 -597. 235. 685 255 -

- Manmnganalucs, um-3 '

‘Sta. Value Sta. Value Sta. Value
27706 321 033 394 035

. Bank Sta:LeR Right Lengths Left Channel Right Cocﬁ‘Contr Expan.

321 3% - 2 22 22 -3
Blocked Obstructions, num = 1 I
Stal StaR Elev

'..t#t#tttttt#‘t“‘*‘!#ttlt

90 122 - 230

CROSS SECTION INPUT _ Reach: Little E_lk River Stanon 85

: Descnptxon Stream X-Sccnon 7+55

StaﬁonElevgﬁonData, pum = 35 ‘ Ly
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‘Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta Elev.
10 218 14 218 91 217 127. 216 197 214
241 2137 307 212 317 210 320 2072 328 206.25

330 20236 330 19622 333 196 347 196 363 197
368 198 375 199 390 201 396 203 398 203.7
398 207.45 402 20745 405 207.7 419 208 424 209 -
471 209 494 210 517 212 534 - 222 544 222
‘560 222 572 228 585 232 590 233 687 254

. Manmnganalues num-3 -
‘ Sta. Value = Sta. Value - Sta. Value .
10 06 330 033 398- 03.-

Bank Sta: Left nght Lengths: Left Channel Raght Coeff Contr Expa.n.
. 330 - 398 13 13 13 3 L

CROSS SBCTION INPUT Reach Lmle Elk R.:ver Statxon. ‘142

o Descnpnon Strcam X-Section 7+42

Station E!evatxon Data, num-36 o o

' Sta.. Elev. Sta.” Elev. Sta. Elev. Sta Elev Sta. Elev .

1 219 9 219 15 218 17 217 19 216
45 215 60 215 196 -‘214.‘ 293 213 338 212 @
338 209.22 339 209.22 339 196 351 ‘196 367 . 197

370 198 376 199 393 201 - 400 203 409. 203.7
409 207.7 412 207.7 422 21033 507 210 516, 211 -
521 215 523 216 525 217 528 218 537 222
542 222 558 222 569 228 582 232 588 233

- 685 254 |

Mannmgsqvalues, num-3 " T
. Sta. Value Sta. Value Sta. Value -
_l ‘06‘ 339 021 409 011 ‘

Bank Sta: Left nght Lcngths Left Channel R:ght Cocﬂ' Contr Expan. _
: 339 409 17 . 17 17_' 2 4 _
* Blocked Obstructions, num =2 ' :

StalL. StaR Elev StaL StaR -Elev

.t“#l‘tttttttt*#t#tttt#it‘t##*#tt‘tltiti#*‘tt#t

339 340 197 408 409 2047

BRIDGE INPUT i Reach Little Elk Rwer Stat:on. 734
.- Description: Providence Road Bridge (Bndge #2) ' :
* Distance from Upstrcam XS= 1
Deck/Roadway Width =~ = 15

AR100378



Weir Coefficient - = 2.6
- Bridge DeekfRoadway Skew -
Upstream Deck/Roadway Coordmates, num-4 . '
Sta. Hi Cord Lo Cord  Sta. Hi Cord Lo Cord Sta.l-hCordLoCord ' .
##t‘#t#t#ttttt#t*“ttttt##titttt######*#‘#*#tttt#tttttitti#l#‘t!##ttt**t
337 211 209.23 338 213. 03 209 23 422 210 99 207.19 '
423 209 207.19 . '
'Downstream DeckfRoadway Coordmates, num-4 , B
Sta. Hi Cord Lo Cord  Sta. Hi Cord Lo Cord ~ Sta. H1CordLoCord
*##*##l#ttttt#tttttit‘*l**‘#**ttititi‘*t!ti#il"###tt#tttttt*tt‘#‘t#ti#*
324 211 20927 325 213 07 209.27 426 211 207.2 '
427 209 2072 " ‘ :
Elevation at which weir flow beglns =
Maximum allowable submergence for weir ﬂow - 95
Submergence criteria Broad Crested |

'Number of Bridge Coeﬁcxent Sets =2

. Low F!ow Methods

CEmergy o
 Momentum - Cd = S R
Yamell =~ . KVal= 125

© * WS.ProMethod CVal= '
Seleeted Low Flow Methods nghest Energy Answer

‘--‘,nghFlowMethod S '_ L o -
- ' Pressure and Weir flow * .~ . L X
SubmergedInletCd =

Submerged Inlet + Outlet Cd= .8 .

MaxLowCord o=
Low Flow Methods |
' Energy -
Momentum cd = 2.
Yarnell KVal = 125

. 'W.S. Pro Method. CVal= - '
Selected Low Flow Methods = nghest Energy Answer

_ nghFlowMethod S
-~ Pressure and Weir flow . _
,  SubmergedInletCd . = S g
Submergedlnlet+0utleth= 8
' MaxLowCord ‘ = R '

- Addmonal Bridge Parameters

ARI00379 .



Add Friction component to Momentum
- Add Weight component to Momentum o
_ Class B flow critical depth computations use cnttca.l dcpth
inside the bridge at the downstream end o
- Criteria to check for pressuze flow = Upstream water surface

- CROSS SEC‘I'ION INPUT Reach: Lmle Elk R.:ver Stat:on 725
Descnpnon Stream X—Scctmn 7+25
Station Elevatlon Data, num-45 : ( S
' Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. S
0 222 2 221 . 7.220. 20 216 25 215
56 214 61 214 132 214 169 213 192 213 .

196 . 213 325 212 338 212 338 1965 345 196

360 196 372 197 379 198 384 199 402 201 o
409 203 415 203.55 415 207.55 418 207.6 425 208 ‘
. 426 . 210 437 2095 . _490 209.5 505 210 511 213 -

.- 514 214 518 215 531 221 3533 222 536 222

551 221 553 221 "566 228 575 231 . 531 232
623 242 629 244 637 245 643 246 686 255 .

Mannmg’analucs, num-3 o
Sta. Value Sta, Value Sta.. Value R
0 08 338 021 415 o1

. BankStarLeft Right Lengths: Left Channel Right Coeﬁ'Contr Expan. o
338 415 = 69 69 69 2 4

Blocked Obstructions, num=3 o o

Stal. StaR Elev Stal StaR’ Elev StaL StaR Elev e

't'ttt#ttt‘#t‘titi‘it#tt#'tttt*‘titi*i‘ﬂt‘ttttltlt't.#‘i.t#‘tt##ttt#itt‘ }

67 114 230 338 1339 1975 414 "415 20455

‘CROSS SBCTION INPUT Reach: Little Elk Rwer Statlon. 715
 Description: Stream X—Scctxcn 7+15 - . |

- Station Elevatlon Data, num-45 ; _ S
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
0 222 2221-7220 20216 25 215
56 214 61 214 132 214 169 213 192 213
196 - 213 330 21236 . 332 2025 332 196.5 334 196.
339 196 357 196 369 197 375 198 - 400 - 201 e
407}‘ 203 409 203.83 409 207.25 413 207.25 420 2075
425 - 208 437 210 490 209.5 505 210 -511 213
" 514 214 518 - 215 531 221 533 222 536 222
- 551 221 553 221 566 228 575 231 581 232

AR100380
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623 242 629 244 637 245 643 246 686 255

A Manmnganalucs, num=3 .
., Sta. Value Sta. Value Sta Va.luc |

0 08 330 033 409 05

| 'Bank Sta: Left Right Lengths Léf: Channel mght Cocﬁ’Contr Expan.

330 409 - 69 - €9 69.'7.‘1- 3
Blocked Obstructions, num-k - :
Stal StaR Elev ’
f‘t**#*‘t"‘*‘tt‘ttttttt _
' 69 114 230

| 'CROSS SECTION INPUT Reach I..lttle Eik R.lver Statlon 646  ' )

Description: Strcam X-Sccnon 6+46

Station Elevatxon Data, num =48 : '

- Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elcv Sta. Elev
0 226 3 225 7 224 26 216 30 215
33 214 42 213 57 210 65 209 68 208
71 207 136 207 168 206 - 189 205 210 204

235 203 271 202 .322 202 376 ‘199 376 199

© - 379 196.33 395 196.33 - 405 197.33 - 408 19833 417 201.33

440 203.93 440 206.6 444 206.6 - 448 207 451 208
- 481 209" 500 210 507 213 511 214 514 . 215
518 216 527 220 549 221 562 228 566 229
570 230" 588 234 666 252 668 - 253 670 254
677 255 680 256 691 (257 T

, Manmng sn Valucs, num =3

Sta. Value Sta. Value ‘Sta.. Value
0 08 376 033 440 05

- Bank Sta Left Right Lcng‘ths Lef: Channel. nght Coeff Contr Expan

376 440 '84 84 8 - .1 .3

| | “CROSS SECTION lNPUT Reach Little Elk R.wer Statlon 562 .
Description: Stream X-Sectxon 5+62 C -

Statlon Elevatlon Data, num =59 '
- Sta. Elev. Sta. Elev. Sta. Elev Sta. Elev. Sta Elev, =
0 228 4 227 7_ 226 11_225 16 224
19 223 '31 216 . 40 215 46 214 59 208
64 207 72 206 75 205 79 205 83 ' 206 _
._'l__22l- 206 130 206 134" 206 173 205 189 - 204

aanuoaerf



- Description: Stream X-Section 4+65

222 203 250 202 290 201 318 201 347 202
351. - 202 360 201 . 363 200.33 364 200 367 199
369 198 375 19546 334 19417 417 196.69 418 198
419 199 421 200 423 201 425 202 429 203 .
- - 433 204 434 20322 437 205 440 206 464 207
467 208 470 209 473 210 479 211 483 211 v
505 211 507 212 509 213 518 219 528° 219
1537 219 556 229 559 230 677 249 ' L

'Manning's n Values, num-3
 Sta. Value Sta. Value Sta. Value
0. .08 364- 04 421.06

" Bank Sta: Leﬁ R.:ght Lcngths Left Channel RJght Cocﬂ‘ Contr Expan.
: 364 421 ‘ 33 83 .83 l .3

' CROSS SECTION INPUT . Reach: Liitle EIk River Statlon 479
- Dcscnptlon Stream X-Secnon 4+79 ‘

- Station Elevation Data, num-53 ‘
Sta. Elev. Sta. Elev. Sta. Elev Sta. Elev. Sta. Elev.
2 222 15 218 28 211 49 210 56 206 .
59 205 64 205 85 205 .89-204 93 203
97 202 100 202 105 (203 127 203 143 203
154 203 184 202 217 201 253 200 268 200
283 200 292 200 316 201 - 342 201 . 345. 200
347 199 349 198 351 1951 364 193 398 196.74
399 198 400 159 401 200 403 200.16 422 201
430 202 438 203 444 204 470 205 492 209 A
498 210 507 211 534 212 545 213 552 215
555 216 568 217 579 221 596 222 610 223
622 224 629 225 p 685 230 ' '

: .“Mannmg’analues, num-3 . . .
' Sta. Value Sta. Value Sta. Value - o S
2 .08 345 04 . 401 " .08 : o

Bank Sta:LeR Right Lengths: Left Channel R.:ght Coeff Contr Expan.
5 401 0 M M4 11 3 |

CROSS SECTION INPUT Rcach Lmle Elk chr Statxon. 465
j

‘Station Elevation Data, num==47 o '
Sta, Elev. Sta. Elev Sta, Elev - Sta. Elev Sta. Elev

AR100382



__.\_/'

‘Manning's n Values; num=3 e

S0 2200 17 214 24 200 36 209 43 208

47 207 50 206 53- 205 63 205 73 205
1100 204 104 203 108 202 112 201 120° 201
122 202 139 202 149 202 164 202 199 201

314 201 334 20054 338 19639 339 195 370 192.74

391 196.6 397 196.6 401 200.16 422 201 430" 202
438 203 444 204 470 205 492 . 209 498 210
507 211 534 212 ‘545 213 552 215 555 216
568 217 579 " 221. 596 222 610 223 622 224 -

- .629 225 685 230

Sta. Value Stz Value Sta. Value
0 08 334 04 401 08

.. Bank Sta: Left nght Lengths Left Channcl Right Coeff Contr. Expan. -

334 401 : 32 32 32 .l 3

, -,-CR.OSS SECTION INPUT Reach thtle Elk R.lver Statlon 433

Description: Stream X-Section 4+33

o

' : Stahon Elevation Data, fnum = 70

Sta. Elev. Sta. Elev. Sta. Elev. ' Sta. Elev. - Sta Elev

0 220 17 214 24 210 36 209 43 208
47 207 50 206 53 205 63 205 73 205

100 204 104 203 108 202 112" 201 120 201
122 202 139 202 149 202 164 202 - 199 201
314 201 323 201 324 200 326 199 327 198
328 196 329 195 351 195 353 ..196 - 356 197 .

358 197 363 196 368 194 383 194 397 194

401 1965 418 200 420 198 422 196 432 196
434" 198 435 199 436 200 438 201 441 202
457 203 461 204 469 204 475 204 506 205
521 206 530 207 534 208 543 209 557 210
"563 211 570 212 577 213 581 -214 584 215
591 216 597 217 603 217 .610 217 632 218

641 219 655 220 670_ 221 684‘ 222 701 223

Manmng sn Valucs, pum = 3
Sta. Value Sta. Value Sta. Valuc
0 08 324 04 418 ’

Bgnk Sta: Left Rxght Lengths Left Channcl nght Cocff Contr. Expan '

324 418 2020 20 1 03
R_lght Levec ~Station= 418  Elevation= 200
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' CROSS SECTION INPUT Reach: Lmle Blk R.wer Statlon 413
Dcscnptlon Stream X-Secnon 4+13 . '

- Station Elevauon Data, num-54 : : ,
-Sta. Elev. Sta. Elev. Sta.- Elev Sta. \Elev Sta. Elev :
1 218 22 209 35 208 40 207 48 205 .
93 204 112 ,203 115 202 120 201 123 200
125 200 127 201 130 202 135 202 194 201
215 200 221 200 285 199. 287 1982 290 197
294. 195 295 193.5 300 193.5 308 19438 313 196.53.
1329 19736 340 197.65 355 197.08 361 196.05 369 1952
401 196.16. 402 19691 402.5 197.29.. 403 197.67. 404 198.42 .
. 409 199 411 199 421 200 - 426 1959 433 1959 . -
© 447 201 460 203 505 204 557 204 579 - 210
. 585 212 590. 213 595 214 603 215 626 216
’ '645 217 668 218 683 219 . 699 220 .

' Mannmganalues, mm=3 -
- Sta. Value Sta. Value Sta. Va.lue L
"1 .08 285 04 409 .08

Bank Sta: Left R.:ght Lengths: Leﬂ Channel nght Coeﬁ Contr Expan.‘ o
© 0 285 409 1414 14 0 13 o
nghtLevee Station= 421 Elevanon_- 200 -
* Blocked Obstructions, num =1 : ' -

'Stal, ‘StaR Elev:

SESRESRARRNASARER AR NNR

505 557 224

- CULVERT INPUT - Rcach Little Elk River Statlon 406 P
Description: Downstream Dam (Bridge # l) . S
 Distance from Upstream XS = 1 S
Deck/Roadway Width . = 12 s
‘Weir Coefficient =~ .= 26
" Bridge Deck/Roadway Skew = .~
. Upstream Deck/Roadway Coordinates, num =5
Sta. Hi Cord Lo Cord  Sta. Hi Cord Lo Cord St&HlCordLo Cord

- ‘.“itt*it*#'###l*tt."‘0#*.“‘.‘##*‘*.#*0‘!##!#‘#t*‘ttttttitt#lt#it**#i'

280 197.72 190 318 197.72 190 346 197.72 190
376 197.78 . 190 415 197.93 .190 , :

Downstream Deck/Roadway Coordinates, num =8 '

‘ mmmuwmsmwmmmammmuwm | :
t#ttttttltttitttt#tttttttttttttﬁtttttit*tQ#ttlttttf‘tt‘tt#tt#tttt#ttttlt )

280 19846 190 319 19846 190 345 199.04 190

351 200.64 190 358 200.64 190 359 198.8 190
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| 38319865 190 430 19899 190
Elevation at which weir flow begins -

' Maximum allowable submergence for weir flow = 95 T -

Submcrgcnce criteria :Broad Crcsted

Numb:r-ofCulverts- 1.

. -Culvert Name Shape ~Rise Span -

Culvert #1 - Box 4.1 45

" FHWA Chart # 16- Corrugated metal box culvert

FHWA Scale # 1 -90 degresheadwall =
Culvert Length . n Value - Entrance Loss Coef - Exxt Loss Coef
' 12 56 - 1 : o

_ Upstream Elevation = 193.6

Centerline Station = 297.5

‘_ Domstrcam Elevation= 193.3

Centerline Station = 293.5

_ CROSS SBCTION INPUT 'Reach: Little EIk ‘River Station: 399
: 'Descnptxon Stream X-Sectxon 3+99 |

Statlon Elevation Data, num-45 - B “
Sta. Elev. Sta. Elev. - Sta.” Elev. Sta. Elev Sta. Elev
-1 218 22 209 35 208 40 207 48 205
93 '204 112 203 115 202 120 201 123 200

- 125 200 127 - 201 130 202 135 202 194. 201
215 200 221 200 280 199 284 197 285 196.67

-7

287 196 288 19567 290 195 291 1932 296 1932

297 198 307 198 310 193.92 336 193.86 354 192.05
386 193.38 426 192,94 428 19597 430 199 441 200
448 1958 455 1958 468 199 479 200 485 202
494 203 ‘544 204 593 204 613 210 653 214

.Manmng's n Values, num =3

Sta. Value Sta. Value Sta. Va!uc BRNE
1 .08 280 .04 .430 08

Bank Sta cht Rzght Lengtbs Leﬁ Channel nght Cocﬁ' Contr Expam
280 430 ° 9% 9 9 J .3 , \

RightLevee Station= 441  Elevation= 200

Blocked Obstructions, num =1
Stal. StaR Elev .

AR SRR AR RRR NN

544 503 . 224
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CROSS SECTION INPUT Reach L:ttle Elk Rwer Station: 390
Dcscnphon. Strcam X—Secuon 3+90 |

Station Elevatxon Data, num-SO : S

Sta. Elev. Sta. Elev. Sta. -Elev.. Sta. Elev Sta. Elev..
218 22 209 35 208 40 207 48 205 -
123 200

A
.93
125

204
200

112

127

C 215 200 221

307 194 334

203

201

200

115 202
202 -

130

- 265 s
275 19633 278 19533 279 195 280 194.79° 293 192.05 -
194 335 192.05 352 192.05 384 1925
194 435 19543 436 196, 14

422 19294 430 193.71 433

436.5 19649 437.196.85 440

120 201
135

202

194

199 269 198 273

201

197

199 457 200 467 198

., 476 1957 481 1957 489 202 497 ‘203 518 203
547 204 622 204 642 210 688‘ 215 _735_220.

Mannmganalues, mm=3

- Sta. Value Sta. Value Sta. Value.

1

08 265

04 440 08

Bank Sta: Left ‘Right- Lengths Left Channel R:ght Coeﬂ‘ Conn' Expan.
265 440

390

Blocked Obstructions, num = l

Stal StaR Elev

t‘#.‘i.!‘i‘t#.*""t#i!‘ _

547 599 224

390 -390 .. .
RightLevee Station= 457 Elevanon- 200

g

3

'CROSS SECTION INPUT Reach: Litle Elk  River Station: o
Descnpuon Sm:am X-Section 0+00

‘Stanon Blevauon Data, num-52 o ' '
- Sta. Elev. Sta Elev. Sta. Elev. Sta. Elev Sta. Elev
110 222

88
119
152
174
204
- 258
308
352
390
481
930

225

220

209

200

194
192
196
195
195
195

220

98

122

155

175

207

264 -
310 -

356
395

483.

224
219
208
199

193

193

196
194

194

195

105 223

126
163
178
209

268

328
357
433"
485

1280 240 .

218
207
197 -
192
194
196
194

194

195

130
166
197
210

272
339
379

437
500

217

206
196
189,
195
196

194

194
195

115 221

133
172

202"

257

283 -
343

385
464
580

216

195

189

196

196

195
15
200
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- *Little Elk- ** 1538

" LittleElk * 982

“Litle Ek * 905

. *Litle Elk * 854
*LitleElk * 777

Manmnganalucs, num=3 | LT
 .Sta. Value Sta. Value Sta. Value - o
88 08 202 .04 272 .08

Bank Sta: Left nght Lengths Left Channcl ‘Right Coeff Contr. Expan
202 272 0 o 0. 1 3 ,

nutttu_tugttttntuu#uutnttutttun'tnn-tittut#itu@uuuuunﬂuuu
' !

- 'SUMMARY OF MANNING'SNVALUES ,

: #**#t‘#l#*##.#.#t!t'#‘#i‘*#‘t*i*tttitttttl*t*#t‘#.#tt‘
'* Reach *RiverSta.* nl * n2 * a3 *
#titittitt*tt#t#tt###!!*l‘i“tt‘i“'ti*!ti#"‘t#i*i#t*
*Little Elk * 2548 * - .05* .04* .05

*Littlc Elk * 1748 * .06* .04* .05%

*Littlc Elk * 1736 * .06* - .04* .05*

*Little EIk * 1720 * ..06* .04* .05*

 LittleElk * 1606 * .055% .04* .08*

055*  .04* 08*

.06*  04%  05*

*Littlc Elk * 1510 6 \
*Litle Elk * 1508 %  .05* .04* .06* -

Cu!vcrt"' . L
06* .045* .034*
- .06* .045* .034*
06* .045* .034*
06* 045* 013%
06* 045% 013%
06* .033* 013
05% 033% . 013+ . .
~.05* .033* 013* - .
05*% .033* 013* -
055* .033* .013*
055* .033* .013*
-.055* .033* .013* -
055* .033* .013*
[055* .033* .013*
©.055% .033* .013*
06* .033* 015+
06% 033+ .025*
06* 033* 035*
06* .033* .03+
06* .021* -.011*
* Bridge* *  *

*Little Elk * 1491
*Litde Elk * 1474
© SLitle EIK * 1466
| SLitleElk * 1463
*Little Elk * 1457
 *LittleElk * 1446
*Littie Elk * 1419
*Little Elk * 1369
*Little Elk * 1310
*Little Elk * 1184
Little Elk * 1170
*Little Elk * 1103
*Little Elk * 1018
*Little Elk * 1000
*Little Elk * 993

sLittle Elk * 755 -
~ SLitleElk * 742
- *LittleElk * 734

""“‘""""00'0&440..1.{'0oaiiiﬁ'iai
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. SLitleElk * 562
. *LitleElk * 479

. *LittleElk * . 433

08* .021* 011*
08% 033* 05*
08* 033 .05*
08*  .04* 06* .
.08* .04+ .08*
08 " .04% 08*
.08r 040 08¢
08% .04* .08
Cmvmt . e
© SLileElk * 399 *.08* .04* 08*
C*LitleEIk * 390 * .08* .04* .08*
*Litle EIk * 0 * .08* .04* .08*

l‘t#.ttttt!l#“t.t.t#it#i#‘tti..“t##i.#ittt##ﬁitttti‘

*Little Elk * 725
*Little Elk * 715
*Litle Elk * 646

*Little Elk * 465

sLittle Elk * 413
*Little Elk * 406

LR IR I IR B AR B A

| tutt'uuuuu_nuu”ntnnnntpunt_uuntuuq-uutnnnnuunuun

SUMMARY OF REACH LENG'IHS

. Q*Qtﬁ“t.t.t*ltt#‘#i#t#*‘*tttt“'ttt#l‘.tit‘l‘#ttltttt

* Reach *RiverSta.* Left * Channel* Right*

*LittleElk * 2548 * 800* 800* 800* . . o
sLittle Elk * 1748 *  12¢% 12* 12* oL o
- *LittleElk * 1736 * 16* 16* 16*
- *LitleElk * 1720 * 114* 114* 114*
. *LitleElk * 1606 * 68* 63* 68* AR
*Litle Elk * 1538 * 28% -28* 28* . B
- *LitleElk * 1510 * 2+ 2¢ 2% .
*LittleElk * 1508 ' * 34* . 34* 34%
*Little Elk * 1491 *Culvert* * * '
~ *LittleElk * 1474 * 8* 8 8 =~ - .
‘LittleElk * 1466- * 3% 3% 3¢ S
*LitleElk * 1463 * 6* 6* 6 o L
_ *LileElk * 1457 * 11* 1* 11+ ..
*Little Elk * 1446 *  27* 27* 27*.
*Little Elk * 1419 '* 50* 50* 50*
‘*Little Elk * 1369 “* 59* © 59* 59*
*Little Elk * 1310 * 126* .126* 126*
*LittleElk * 1184 * 14* 14%. 14*

*LittleElk * 1170 *66.99999*66.99999*66.99999*

*Little Elk * 1103 . *84.99999*84.99999*84.99999* .

" SLittleElk * 1018 * 18* 18* 18+ =
*LitleElk * 1000 * 7*¢ - 7* 7¢ | .
‘*LitleElk * 993 * 11* 11* 11+
*LitleElk * 982 * 77 . 77* 77 .



*LittleElk * 905 * . 51* S§1%¥ §1* .
. *LitleElk * 854 * 77*  71* 77* L
sLitle Elk * 777, % ~22¢ 22¢ 22%
*LitleElk * 755 ¢ 13* 13*  13%
sLitle Elk * 742° *  17* '17*  17*
*LittleElk * 734 * Bridge* * ¢
*Litle Elk * 725 * 69* 69* 69*
*Little EIk * 715 - * 69* 69* €9
. SLittleElk * 646 * 84* 84* 8§4%
SLittleElk * 562 % 83* 83* 83*
*LittleElk * 479 * 14% 14*  14*
*Little Elk * 465 * ~32¢ . 32%. 32¢,
 SLittleElk * 433. * 20*  20¢ 20%°
*Litle Elk * 413 % 14* 14* 14*
sLitle Elk * 406 . *Culvert* * %
*LitleElk * 399 * 9% 9% 9+
sLittle Elk * 390 . * * 390* 390% 390*

 *LittleElk * 0 % 0* 0% 0*

,‘t"*#*#*####‘*‘*i‘#‘t*tittit#t#t‘#titt.it*‘tttt##“#* j |

S uupuuuuuuut-n-buuuunuu,tnf-utttc¢:tnuunnuﬁunuunnn_t_
. ' ' B ' :

h SUMMARY OF CON’I'RACTION AND EXPANSION COEFFICIENTS :

‘##*lttttttt#tt*i¢i‘ttt####*“‘ttittt#ﬁ#‘..‘t ‘

*  Reach * River Sta. * Contr.* Expan. *
ttt#tﬁt*‘#‘#ttttttt‘!tl.ttt*#tttt‘ttttttttttt
*Little Elk * 2548 * qr 3¢

 *LittleElk * 1748 * .1* 3*

*LittleElk * 1736 * .1* 3* . . R
*Littlc Elk * 1720 * . .1+ - 3* R Co
 *LitleElk * 1606 * 1% 3% . e S
*LittleElk * 1538 * ~.1* .3*
*Little Elk * 1510 * .1* .3*
*Litle Elk * 1508 * .1* 3* B S
*LittleEk * 1491 *Culvert* - * . - . . .
*LittleElk * 1474 * 1% 3* g -
*Little Elk * 1466 * . .1* 3%
*Little Elk * 1463 * .* - 3* . -
SLittleElk * . 1457 * 1*. 3% . o
SLittle Elk * 446 * .1* 3* o
SLittleElk * 1419 * .1* 3*
- *LittleElk * 1369 * ' .1* 3%

S L &

. "'LittleElk * 1310
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SLittleEl * 1184 * .J* 3%

L
*Little Elk * 1170 * .1* J3*
" *LittleElk ¢ 1103 * .1* '.3*
*Litle Elk * 1018 % -~ .1* 3* :
- *LittleElk * 1000 * .1* 3* e S
. *LittleElk * 993  * .1* J3* - R o
*LitleElk * 982 * .1* 3% -
*LitleElk * 905 *. 1% 3¢
. *LittleElk * 854 * .1* 3*
- *LittleEXk * 777 * .1* 3¢
- *LittleEXk * 755 * .1* 3*
*LittleElk * 742 * . 2* 4* ,
SLitleElk * 734 * Bridge* ¢ -
“*LittleElk * 725 * 2% 4+
*Little EIk * 715 * .1*  3*
*LittleElk * 646 * .1* 3*
*Little Elk * 562 * .I* '3*
*Little Elk * 479 * .1*  3* -
~ *LittleElk * 465 * .1* 3* o S _
~*LittleElk * 433 * 1%  3* - o
*LittleElk * 413 * .1* 3* R . .
-*Little Elk * 406 "'Cv.:lvr.rt‘l R
*LitleElk * 399 '+ 1* 3% -
. *LittleElk * 390 * . .]1* 3¢

C SLittleEk * 0 © * ..1* 3%

. .*#!ittt###‘tti‘#"t##tti#‘*“‘ittttil“t##‘* . 7 ;
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T tn e 15-\1\‘.,'1&“'3 ‘WM, o Whih me‘
- ment will remain stable without movemant of the
fill, while «dimit velocits s that which is stilt accape
table aithough there is some deformativn of the

: Renomaﬂresedueﬁomovamertdmm‘

within the compariments (table 2). -

hiaessenﬂalfamolongwuydmwnm
that the mesh be protected against corrosion:
Reno mattresses and gabions are thersfore

manufactured from meshes with a heavy zing:

. coaﬂngwhidwampteawimmemealmema;
- tional standards.

- Howsever, when the fining nwbjededbdeed

or aggressive water, the risk of corrosion is i

creased, and Reno mattress and/or gabions
" mada from wire which has besh coated with bath
. Zine and PVC, offering high resistance to

chemicals, abrasion and ageing, should be used.

A

Tab. 2 - Indicative Reno mattress and
tbickmssn in relation o wam
'wlodﬂn s

. . o . .
UN @NBNa Par «vilesses Cnliques 13 vitesse maxi-
male supportable par s revitament sans provo-
quar le ddplacement dae la pierraille de ramplis-
sage ot par «vitessa limites calle, sncore accap-
table, qui sngandre de lagares déformations
duaul‘emassatmrldcllpaerramodambma:e-

-{ag Reno (tableay 2).-

Nous fournissons icl aussi le tableau 3 quimen-
tre quelques valaurs indicatives de la vitesse
limite au fond des cours d'eau naturels.

La protection du grilage cortre la corrosion est

" d'una importance vitale pour !a durée du revs-
tement; c'est pourquoi les matelas Reno ot les

gabions sont constituds d'un grillage métalique
galvanisé conformémaent aux plug sévéres nor-
mes internationzles..

Toutefois, nous consaillons en présence d'saux

polludes, ou de toute facon agressives, c'ost-d-
- dlire 1a oli la corrogion est particulidrament forts,

de racourir aux matelas Aeno etou aux gabions
galvanisés sous gaine PVC, insensibles aux atta-

~ quas chimigues, aux phénoménel d abrasion ot

F rusurc.

o

Tab 2- Epalséaum approximatives des

revéfements an matolas Reno of en
gabions en fonct!an dela messo au

Por -fvelocidad criticae s8 entiende ia veloc;d“
méxima que pusce soporiar el revestimienty ;.
que se produzcan movimienios de ias.piadry_

en el intarior del colchdn v, por svelocidad lim:

- 1ew, 8 velocidad, a0n aceptable, que determin,
" deformaciones reducidag debido al amontong
- mierto de las piecdras en ef colchén R

(tabla 2). .

Para mayor wmdidad seagregalt cor

‘ algunos valores indicativos de a velocidad lirmi.

te en &l fondo de los Cursos de AQUA naturaley
La proteccidn de la red contra Ia cormosidn g
e vitai importancia para la duracion del revey);.
mianto; por esta razédn, los colchones Pena y log
gavionas estdn formados por una rad metdlicy

. fuertemente gaivanizace, en conformidad con las

mds rigurosas normas internacionales. |
Sin embargo, en &l caso de aguas contaming. -

' das 0 corrosivas, es decl; donde el prablemy:

de la corrosidn os mas agudo, es aconsejable

"t utifizacidn de colchones Reno vio ~avionesy

galvanizados y revestidos con una capa de PG
altamenta resistante & los agentes quimicos, log

* fenémencs abrasivos y al envejecimienta -

“Tub. 2 - Espesores indicativos de fog

revestimientos en colchones Rano y en
paviones en funcidn de Ia velocidad de

N . coyrant ‘ 7 Ja confem
‘ _ o Flmrég.m - . =
: Thickn orraiie de rempiissage Critical velocity Umit
E Egp.hi: ' Pedrisco da refiene Vitasse critique. Viionse oy
. . Stone siza Velocidad critica Valocidad Hmbhe
o : 70-100 " 0,088 33 42 )
' 0.16-017 | J_‘)— .
\ ‘ -~ I 70430 0,110 42 485
" Reno mattresses A S 70-100 ' 0.085 38 ‘88 !
Matolas Heno '0.23-0.28 . .
Coichones Reno 70-150 © 0,120 45 M-8 )
- . 70-120° 0.100 42 55
0.30 : : : 55
‘ 100-150 . . 0.128 5.0 8.4
Gablons N 100200 | - 0.150 58 - ‘78
Gablons 0.50 : .
Gaviones n 120-250 0.190 . 8.4 | p.o -
mmudnmumn mm Lou valours dee vitesses indiquies 20t trées expirimens Los valores de velocidad Indicadod han sido calculados experd
Qj Mm;fﬂnmmm:m dum#u&hwﬂllwmmluw sr?lmh:m Mdlﬁwaﬂ aaumu!omﬂ.-
10 D8 Intendad pursly indicative and appraximeted. lours > sont purament indicatives. ¥ iy ¢ generel

Tabh 3 - Limiting velocitias at bed fevel _ _‘nb.b:;w«umdmumdoﬁmmumm,-‘
o ‘ au ‘ S .

i
Tab. 3 - Valores Indlcaﬂvoa da ia valocldad

for various soils Iimite en of fondo
: § . S o Votodlylwmulwwm ‘me
. Bed material / Matériaux constituant la it 7 Material del cauce e - "
'Fine s2nd. () Sable finf) Aenafina - - 045 073
Sandy clay. (9 Tarrain arglleux-sablonneux (%) Tammano arcliioso-arenasa - 058 0.7%
Soft clays Tacrain argileuxvaseux Torreno arcilloso-limoso 060 (3= T
Muds Limons normaux Limos normales 075 108
1 Medium clay grr:nv’“ﬂn cte m“wmp"‘ acta 2’:: :ﬁ ’
um 8 compa X : ‘
Gravel Gravier ordinalre -+ Grava gruesa 1.20 188 :
Shingle . . Callloux st galets Quijaros y pedrisco 150 1.70 \—ﬂ
Hard clay i Schistes argiisux ilas-esquistosas 1858 188 :
(M =. Non-coiioidal . : - .. (7= Non collokia - S (7= No colcida - : ‘
iRINN2are
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TESTS

. son. RETENTION cn:rem o
FOR' STEADY -STATE FLOW cdnomons

NON-DISPERSIVE SOIL : . Oss ¢-0.21 mm
{ORA < 0.5) -

MORE THAN 20%
CLAY : . : S
{t;9<0.002 mm} § USE 3 TO 8 inches OF FINE SAND BETWEEN
- E SOIL AND GEOTEXTILE, THEN DESIGN THE
- i GEQOTEXTILE AS A FLTER FOR THE SAND
H {CHR » 0.5} e 4
§ . 4
Lo k %
I 7
[ e
| /
\ ' - L-----------------..---.-7-..---'f.,_ | S //
o masneson 1/
- LESS THAN 20%  [TPEoSI - R s
CLAY, AND MORE AR ' _ _ 7/
THAN 10% FINES . - /.
~16;70.002 mm FEE T et
AND ¢0>0.07S mm {yonprasticson - - s S
ms:. - A - 7
‘ /
H
L .
}
g
‘ % 2 4 USE ,
‘ ‘ " STABLE L3 e IR )
FROM SOL- - ; 59 dyo Cu . ‘“035” Ops¢ = dio
wiDELY [!lo*35% .
~C2 } , GRAGED Juepnny Oont B dno
o i Cu»d | 35% <ip<B65%) -
LESS THAN 0% . | - JENSE | - él-,,-”
FINES, AND LESS ‘ (Ip>65%1
JHAN ¥U HAVEL - . '
y ‘ 1 00 O¢s « Cudsg
{dyg>0.075 mm. AND APPLICATION ‘ USE : ‘
::«.g mn) | wone  Taneent [ lperomuay/lloe35% '
) . PERMEABI ITY AT dso==Cu [ - \GAADED IMEDIUM  Ops ¢ LSCTudus
" : ' 35% < §
: ‘ ' I 0485% 242C'udiq
(S . {ig»65%)
MORE THAN $0% | )
GRAVEL | : |
- {dgr4B8mm
NOTES: . R , b
‘ Cdy is the particle size ot which x percant is smaller .
! . where: dygn #nd G0 - are the extremities of a straight line .
S Cue 1/ .‘20.0. T drawn through the nugu:lvllze distribution, 85 dﬂctld sbove: lnd
. ¥ do ‘ d'sg is the midpoint of ll'nshe ' .
: 2 : S _ S
deoldtc o ‘ o _ ' C

o is the relstive demsty of the loul

Pl is the plasticity index of the soil
OHR s the couble-hydrometer ratio of the soil
Partions of this flow chart modified from Giroud 11988]
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| SILT OR CLAY
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. .. a3 . 3/a3/ 4 10 20 4060 140200
. 80 ‘ \ . - . i 20
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“ B _ ,
z ' . . ] ...
- | | R
. g Il - . f :
Z 40 — ' - 60
= | 1
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0 LAF L RS BN Sumn |.""‘_'_T_ . '_'I T - I"'lrr T ‘\*‘ﬁ;':ll LN I M .|-.na- -.E'l_—qe—‘ 100
10° 10 10 Y & 10 1ot
' GRAIN SIZE IN MILI..IM.ETER ; o -
. SYMBOL BORING Pftfﬂ PI f L DESCRIPTION o

CENT RETAINED BY WEIGHT

o - t .
&

O SA-1 Mumcomnso PDORLY GRADED GRAVEL WITH smo (GP) ‘
Remark : o . - _ - .
Project No. 94104 GALAXY SPECTRON, MARYLAND .
Vall'ey Forg’é '

| Laboratories, Ine.

GRAIN SIZE DISTRIBUTION 9/23/96
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20

SYMBOL BORING
o

. UNIFIED SOIL CLASSIFICATION

coBBLES | CGRAVEL

SAND .-

].COARSE | FINE

lcomse]  weom | Pne

. SILT OR, CLAY -

US. SEVE SIZE IN INFHES

s - 3/4'8/8 4 10
3 _ _‘

U.S. STANDARD SEEVE No. .1, . _ HYDROMETER

20 40 80 140 200

80|
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20

=40
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108  10* 10

SA—2 ‘

R_ém_ark 1

R R D
| GRAIN SIZE IN MILLIMETER o

ﬁ{“ _ﬂ_ ﬂ_ns:scmmx . »

MULTICOLORED POORLY GRADED GRAVEL WITH SAND (GP)

LERB 4 ]

60

PERCENT RETAINED BY WEIGHT

80 .

f100
S (s R

ﬂ?lUOhlB

| | Project :No. 94104

GALAXY SPECTRON, MARYLAND

" Valley Forge -
Laboratories, Inc.
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*COBBLES et T ANE |cosrse wEDUM | FINE SILT OR CLAY UK
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o 3 3/43/8 4 10 20 4080. 140 200 *
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Q. 80— 40 2
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B 40— 80 £
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MULTICOLORED WELL GRADED SAND (SW)
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Project ‘No. 94104
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- GRAVEL .

COBBLES

1 L coarse |

fne  'coarsel medium |  fine

. _SANB 1, SLTORCLAY

—

e ———

Specimen Identification

Classification 3 ; MC%| LWL | PL:

Pi | Cc

o TOPT 88

Sty SAND (SM) : 19

t
:

Specimen ldentiﬁmﬁori .

0100 |

060 - | - D30 D10 | %Grave! | %Sand

%Silt

' %Clay

19.00

022 0.066 10.0060 14.5 47.7
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85

TOPtT 80
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- Classification
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Specimen Identification Cu
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Specimen identification

D100
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Calculatxon Sheet for OB 1

_ Q

- 1Q

1. All oonceﬁtrations are expresseﬁ In mﬂgfams!liter (mg/)

0 00025 Usec
' Average Concentration by Parameter ' : . ,
. [Parameter _Mw-g* | Total Conc. | Ave. Cone.
Meth. C. 0 0
TCA | 2.8 ., 2.8 2.8
DCE , 22 22 2
TCE 0.025 0.025 0.025
PCE - 0.028 0.028 -0.028 -
Toluene | 11 11 11
' Total VOCs | . 35.853
3 PR DR b | Tot.1D Comp. 71.2
1. All concentrations are expressed in milligrams/liter (mg/) o o
2. * = Concentration Data from ERM 6/82 Sampling Event (mgl)|
3. Blank Spaces Indicate the Result was Blank Qualified and not used.
4. Overburben Velocity is from ERM FRI ‘
[Flux = Q°C (average) /
Mass Flux by Parameter ~ i
Parameter| Q (Vsec) | Cone. (@gil) Flux (mg!sec)
Meth.Cl. [250E-04| - @ 000E+00
TCA | 2.50E-04 2.8 _ 7.005&4
DCE - | 2.50E-04 22 §.50E-03 .
TCE | 2.50E-04 0.025 ' 8.25E-06
| PCE | 250E-04 - 0.028 7.00E-06 -
Toluene | 2.50E-04 11 2.75E-03
- Total Flux 8.96E-03
Caicufatlon Sheet for OB-2
0.085|l/sec
Average Concentration by Parameter - S | .
Parameter] MW-3* . B5 8P-2 8SP-3 Total Cone. | Ave. Cone.
| Meth. Cl. 44 . . 26 - ~ 46.6 ~23.300
TCA 47 . - 9.7 - 10.5 - 180 2272 | 568
DCE 52 17 4.7 33 106.7 . 26.675-
TCE - 34 0.6 3 14 21 5.25
PCE 82 0.7 1.5 30 40.4 103
Toluene 4 3 33 13 23.3 5.825
- - o , Total VOCs | 127.850
v i TotID Comp. - 49538

2. * = Concentration Data from ERM 6/82 Sampling Event (mg/)

3. Seep-3 Concentration Data from Leboratory Confirmation Sample (mgll)

4, B-5 Concentration Is from AGC £/96 Sampligg Event (mg/)

~ |5. Seep-2 Data from Vironex Field GC Data {mg/l)

6. Blank Spaces Indicate the Result was Blank Qualified and not used

1

7. Overburben Ve!ocity is from ERM FRI

- Obtotfixxis
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B [+

Flux = Q*C (average) | ( 33-2 Con't)
. [Mass Flux by Parametar - S _ -/
'|Parameter; Q (I'sec) | Conc. (mg!l) Flux (mg/sec)
Meth, Cl.'| 9.50E-02 | 23.300 §{ -2.21E+00 .
TCA 9.50E-02 £6.8 . 5.40E+00 i
DCE | 9.50E-02] 26.675 2.53E+00 -
TCE | 9.50E-02 525 4.99E-01
PCE | 9.50E-02 10.1 9.60E-01
Toluens | 9.5CE-02| 5825 | 5.53E-01.
Total Flux 1.22E+01
Calculation Sheet for ! 03—3
1.01E-01 llsec
Average Concentration by Parameter ' L -
Parameter] MW-10* SP-4 SP-5 Total Cone. | Ave, Conc.
Math. CI. 740 19.1 - 28 - 761.7 253,900
TCA 48 21 125 795 | 26.500
. DCE 38 13.8 83 .- 519 19.300
TCE- 0 B 0.19 - .1.89 1 0.830 .
" PCE | 84 0.76 -0.14 9.3 3.100
Toluens | 12 41 . 3 191 8.367 |
' ' Total VOCs | 309.787
| TotID Comp.| 1040.87

* [1_All concentrations are expressed In milligrams/iiter {mg/l)_

2. * = Concentration Data from ERM 12/81Sampling Event (mgn)

3. Seep Data from Vironex Fleld GC (mg/})

.2 Overburben Velocity Is from ERM FRI

Flux-Q‘c (average) :
MassFqubyParameter : R
Paramater| Q (I/sec) | Cone. (rngll) Flux (mg/sec)
Meth. CL. | 1.01E-01 | - 253.200 2.56E+01
TCA | 1.01E-01 26.500 2.68E+00. -
'DCE - | 1.01E-01 19.300 1.95E+00 -
- TCE | 1.01E-01 0.630 8.36E-02
PCE | 1.01E-01 3.100 3.13E-01
Toluene { 1.01E-01|  6.367 8.43E-01
‘ “Total Flux 3.13E+01
. Obtotflx.xis
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Calculatlon Sheet for OB-4
Q 0 00948 Vsec
; Average Concentration by Parameter : , : ‘
‘Parameter],” MW-12* SP-5 Total Conc. | Ave. Conc.
Meth, Cl. ' 26 o 26 .2.600
TCA 0.64 125" 13.14 . 8.570
" DCE 0.76 83 ‘9.06 4530
TCE 0.12 0.19 0.31 0.155 -
PCE 0.43 0.14 0.57 0.285
Toluene 0.28 3 . 228 "~ 1.640
? Co | TotaiVOCs | 15,78
- ‘ ' Tot.ID Comp.| 36,19
1. All ocncentrations are expressed in milligrams/liter (mg1) B
2. * = Concentration Data from ERM 6/82 Sampling Event (mgh)
3. Seep Data from Vironex Fie!d GC (mg/l) . ' ‘
[4. Blank Spaces Indicate the Result was Blank Qualified and nat used.
5. Overburben Velacity Is from ERM FRI ~
| ,
Fiux =Q'C (average)
Mass Flux by Parameter
- |Parameter| Q (Uggc) GCone. (mgfl) Flux (mg!sec)
.| Meth. Cl. | 8.48E-03 2,600 2.46E-02
TCA | 9.48E-03 6.570 - '§.22E-02
" DCE | 9.46E-03 4.530 - 4.29E-02
TCE | 8.46E-03 0.155 1.47E-03
| PCE |[946E-03}| - 0285 | 2.70E-03 .
| Toluene | 846E-03 | 1.840 1.65E-02
N ' - Total Flux 1.49E-01
Calculation Sheet for OB-6
Q - [ - 0.00189|i/sec
Average concentratlon by Parameter _ * :
Parameter] MW-11° SP6 GPs Total Conc. | Ave. Conc
Meth.Cl.} - | =~ 42 . 4.42 862 " | 4310 .
TCA 3.2 8.8 27.6 12 4000
DCE | 14 2.8 13.55 42 1.400
TCE 0.082 - 0.59 6.26 0.872 . 0.224
PCE | 0.02¢ 0.181 339 - 0.21 - 0.070
Toluene 0.17 0.678 5.23 - 0.848 0.283
' C ‘ | TotalVOCs '} 10,287
Tot.ID Comp.| 160.07 -
~ - Obtotfixxis
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l

|
1. AII concentrations are expressed in milligramsllnter (mgll)

~ |2.* = Concentration Data from Laboratory Confirmatory Sampie (mgll)
3. Seep Data from Vironéx Field GC (mg/l) i

4. GPs are an Average of the Geoprobe Data from Vironex (mg/)

5. Blank Spaces Indicate the Result was Blank Qualiﬁed and not usad.

8. Overburben Veloc: is from ERM FRl
' 1
[Flux=GC (average) (OB-S Con't)
Mass Flux by Parameter =~ - o
Parameter| Q (V'sec) | Canc. (mgll) Flux (mg/sec)
Meth. CI. | 1.89E-03 4.310 8.15E-03
- TCA (189E03} 4000 - 7.56E-03
- DCE | 1.89E-03 1.400 2.65E-03
- |""TCE | 1.89E-03| 0224 4.23E-04
‘|L_PCE_ [1.83E-03[ 0.070 - 1.32E-04
Toluene | 1.89E-03 | 0283 5.34E-04 )
L Total Flux |- 1.94E-02
" |Caleulation Sheet for OB-8 ~

Q- — 0.074|Vsec

Average COnéen&aﬁon by Parameter

Toﬁ! Cone.

Parameter] SP-7 GPs Ave. Cone,
Meth. CL 1.9 1.31 21 1.805 -
. TCA 12.9 11.58 24.48 8.160
DCE | 7 6.13 13.13 4377
TCE 1.27 1.1 2.37 0.790
' _PCE 0.224 - 0.29 . 0514 0.171
Toluene | 0.629 - 0.58 1.209 0.403 -
S Total VOCs | - 15.508
' . ) , ‘ TotiD Comp.] 44.91"
- |1._All concantrations are expressed in milligrams/iter (mg/) ' -
|2 Seep Data from Vironex FieldGC(mg) | -
3. GPs are an Average of the Geoprobe Data from VironexJII) _
4. Overburben Velocity is estimated for OB-8 from ERM FRI Data
Fiux = G*C (average) | .

Mass Flux by Parameter -

A Flu:l: (mg/sec)

Parameter] Q (I'sec) | Cone. (mg/l)
| Meth. Cl. | 7.40E-02|  1.805 | 1.19E-01
- TCA - | T40E-02] 8.18}_) 8.04E-01
. DCE | 7.40E-02 4377 3.24E-01
- TCE |(7.40E-02] 0.790 ' | - §.85E-02
"PCE | 7.40E-02(  0.171 1.27E-02
Toluene | 7.40E-02 | 0.403 2.98E-02
‘ Total Flux | 1.15E+00
. Obtotfix.xis
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. Obtotfixxis

¥ ———
f
I B | o i
Tota! Overburden Flux to Stream by Parameter
-|Parameter ) Cum. Flux
Meth. Cl. ' - 2.80E+01
TCA - . B.75E+00
DCE 4.86E+00
TCE. . 6.23E-01
PCE | 1,.20E+00|
Toluene 1 ) 1.25E+00( - e ‘
- Total Flux | 4.48E+01| 4 48E+01
A
i
A . D .

ARTOOL3L -



Calculation Sheet for BR-1-
Q. 0.237 Vsec
Avarage Concentration by Parametér i 1
Parameter; VW-1* | . ' . Total Cone. | Ave. Conc.
Meth.CL. | 1.68 S Lo 1.68 1,1.680
TCA | 0O R 0.000
- DCE 0.45 - : 5 ] 045 0.450
TCE 11.55 e ' ] 11.58 11.550 -
| PCE | 1486 - . 148 - 1.460
Toluene 014 | ‘ . S 0.14 0.140
' ‘ IR Total VOCs 15.280
I C. ‘ _ - {Tot lD_Comg. 26.51

1. All concentrations are expressed in milligrams/liter (n_-rgn) |

2." = Concentration Data from ERM FRI Report (mg/l) -

3. Velocity Data Developed usi ng Kand | Values from € ERM FRIand Aas Deve oped fromAGC.

. Flux- Q'C (averaga)

- |Mass Flux by Parametar &
Parameter] Q (Vsec) | Cone. (mg/)- Flux;glsec) !
Meth. Cl. | 2.37E-01 1680 | . 3.98E-01
- TCA | 2.37E-01 0.000 0.00E+00 ‘.
| DCE | 237E-01|  0.450. 1.07E-01
- TCE  2.37E-01 11.550 - 2.T4E+00
. PCE- | 2.37E-01 1450 | 3.46E-01 N
Toluene | 2.37E-01 | - 0.140 3.32E-02

: ‘ Total Flux 3.82E+00
Calcutation Sheet for BR-2.
Q ~ 0.008/lUsec
Average Concentration by Parameter e o
Parameter] VW-2 | VW1 .| Total Cone. | Ave, Cone.
Meth, Cl. | . 4000 1.68 - 4001.68 2,000.840
TCA . 380 -0 - 380 190.000
DCE | 10 © 045 10.45 . 5.2& ‘
. TCE | . 74 11.55 . 85,55 C 42775 .
- PCE 63 1.48 69.48 34,730
Toluasne 25 0.14 .o 25.14 12.570 .
C _Total VOCs | 2,288.140
Tot IDComp.] 4788

1. AII ooncentrations are expressed in mllligramslliter (EQ[')

2. VW-2 Concentration Data from AGC a/98 Sampling Event (mgll)

3% = Concentration Data from ERM FRI Report (mg/)

3. Velocrty Data Developed using K and | Values from ERM FRI and A as Devetoped frorn A(:c

T 71 S S SRR E

Brioth2xls -
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Flux = Q*C (average)

(BR-z eon’t)
Mass Flux by Parameter i L
Parameter| Q (I/sec) | Conc. (mg!l) Flux (mg/sec)
Meth. CI. | 8.00E-03 | 2,000 840 | 1.80E+01
TCA | 9.00E-03| 180.000 | 1.71E+00
DCE- [9.00E-03| 5225 | 4.70E-02
TCE [ 9.00E-03| 42.775 - 3.85E-01 -
| PCE - | 9.00E-03 | 34.730 3.138-01
1 Toluene | 9.00E-03 12570 | 1.13E-01
| TotalFiux | - 2.06E+01
Catculation Sheet for BR-3
Q 0.0002]Vsec
“jAverage Concentration by Parameter g - = L
|Parameter], VW-2 | VW-1* Total Conc. | Ave. Conc.
Meth. Cl. | 4000 1.68 4001.68 | 2,000.840
TCA 380 0 380 190.000
DCE 10 0.45 '10.45 - 5,225
TCE . T4, 11.55 85.55 42.775
PCE 68 1.45 69.46 34,730
Toluene 25 014 - 25.14 12570
e Total VOCs | 2,286.140
Tot ID Comp.| 4786

'y

1.All concentrations are éxpressed in milligrams/liter (r_ng!l)

2.* = Concentration Data from ERM FRI Report (mg/l)

3. VW-2 Concentration Data from AGC 8/96 Sampling Event (mgn)

N 4 Velocity Data Developed uslng K and | Values from ERM FRl and A as Developed from AGC -

{Flux = Q*C. (av__ge) .
. |Mass Flux by Parameter _

. - |Parameter| Q (Vsec) | Conc. (mgfl) Flux (rng!sec) '
Meth. Cl. | 2.00E-04 2,000.840 | 4.00E-01 |-
TCA 1200E-04| 190.000 3.80E-02 |
DCE .| 2.00E-04 | 5225 1.06E-03 -
TCE | 2.00E-04 | .42.776 8.56E-03
PCE | 2.00E-04 34.730 €.95E-03
Toluene | 2.00E-04 | 12570 | 2.51E-03 '

' b TotalFlux |  4.57E-01 |
- Brtotfl2.xls -
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[Calculation Sheet for BR4

Q 0.009]l/'sec
'|Averags Concentration by Parameter L
Parameteri VW-2 AW-1* | - Total Cone. | Ave. Cong.
Meth.Cl.| 4000 | 20248 4202.49 | 2,101.245
TCA 380 - 13.87 393.87 | 196.935
.DCE . 10 2.37 12.37 .- | . 6.185
TCE 74. 8.16 82.16 41.080
PCE 68 - 19.94 87.94 43.970
Toluena | 25 5.58 30.58 - 156.290
‘ ‘ R _Total VOCs | 2,404.705
Tot. ID Comp.| 4786

1._All concantrations are expressed in milligrams/iiter (mg/} - |

2. VW-2 Concentration Data from AGC 8/88 Sampling Event {m

3.* = Concentration Data from ERM FRI Report (mg/l)

L

4. Velocity Data Deveioped us:ng Kand I Values from ERM FRI and Aas Developed from AGC _

Fiux= Q°C (average) -
Mass Flux by Parameter = . |
Parameter| Q (Vsec) | Conc. (mg/l) | Flux (mg/sec)
Meth, Cl. | 9.00E-03 | 2,101.245 1.89E+01 .
"TCA | 9.00E-03| 198.935 1.77E+00 i
DCE ( 9.00E-03 6.185 5.57E-02
TCE | 9.00E-03| 41.080 - 3.70E-01
PCE | 9.00E-03 43.970 3.96E-01
- .{ Toluene | 9.00E-03]{ = 15.290 .. 1.38E-01
' : Total Flux | 2.16E+01
Calcu!ahon Sheet for BR-5
Q . 0.18|Vsec
Average Concentration by Parameter . . -
Parameter| . AW-1* - Total Cone. | Ave. Cone.
I Meth.Cl.| 202.49 202.49 | 202.490
| TCA 13,87 13.87 13.870
"DCE | 237 - 2.37 2,370
TCE |. 8.18 .. 818 ¢ 8.160
PCE |- 19.94 | .. 19.94 | 19.940
Toluene | 558 §.58 5580
R I Total VOCs |- 252.410
Tot ID Comp.| 353.44

Bricth2.xls
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Piezometer Mass Flux

Celculetlons

Piezometer Mass Flux = Q"C (average) _
(OB Cont) T
R "OB-4L"PZFlux- 0.07|mg/sec
BRFIUX‘(G 58*0 20)+(45 4°0.5) B
"OB-4L"BRFlux" ' 24.02)mg/sec
SEDFlux-PZFlux-BRFlux _ |
"OB-4L"SEDFlux= -23.85|mg/sec-

- [Calculation Sheet for OB Sediment Fiux

- [Q=(.20°.80)+(.3".25)

0.235|Vsec
PZ (ave.)= 5.32 S '
|Piezometer Average Concentration (mgh)
~_Sample ID | Cone. (mg/) . .
Pz-23' ' 20 i
PZ-5" | - 0,002 -
RD-8 o 0.002
- RD-6 1.68
~_ RD4 - 4.8
Total VOCs - 26.58]
Ave, VOCs 532

~ . All ooncentraﬁons are expressed in mllllgramsnlter (rngfl)

2.* = Concentration Data from ERM FRI Report (m M)

13. All other concentration data from AGC Pre-design Investigation

‘ 4 Velocity Deta Developed uslng Kand | Values l'rom ERM FRI end Aas Developed from AGC

Plezometer Mass Flux Calculatlons
Piezometer Mass Flux = Q*C (avera e)
- "OB-S"PZFlux= 1.25|mg/sec
BRFlux-(s 58‘0 80)+( 244‘0 25) 3
' |'OB-5"BRFlux= 5.325[mg/sec _
SEDFIn-PZFuxBRFIx 1
"OB-§"SEDFlux= -4.08|mg/sec

| Pise&fbcxls

ARIOOLYE



1. All concentrations are expressed in milligrams/liter (mgll)

'

- [2%= Concentration Data from ERM FRI Report (mg/l)

3. Velocity Data Developed using K and | Values from ERM FRI and Aas Deveiloped from At:C

Fiui = Q'C (averége)

(BR-5 Con‘t)
. {Mass Flux by Parametar - ‘ ‘
" |Parameter; Q (Usec) | Cone. (mgll) Flux (mg/sec)
Meth. CL | 1.80E-01 202.490 3.64E+01 :
- TCA | 1.80E-01 13.870 2.50E+00. |
DCE | 1.80E-01| 2.370 4.27E-01
TCE |1.80E-01) 8.160 - 1.47E+00 )
PCE 1.80§§1 - 19.940 - 3.59E+00
Toluene | 1.80E-01| = 5.580 1.00E+00
C Total Flux 4.54E+01
Caleulation Sheet for BR-8
Q 0.2|l/sec -
) : N
Average Concentration by Parameter — -
Parameter; VW-3* AW-2* Totat Cone. | Ave. Conc.
Meth. Cl. 0.77 8.78 '7.53 3.765
TCA 5.89 1.9 . T.78 3.895
DCE 30.94 0 : 30.54 . 15.470
TCE 13.53 - 044 - 13.97 6.985
- PCE 3.687 - 0.84 4.51 2.255
Toluene 0.98 0.1 1.07 0.535
| - - Total VOCs | 32.905
 |Tot. D Comp| 78.15°

" ]2 = Concantration Data from ERM FRI Re Report (mg/) -

1. AI! ooncentrations are expressed in m:mgramsihter (mgl)

3. Velocity Data Developed using K ancl 1Values from | frorn ERM FRI and A as Deve!oped from Aé_c

T -
Flux = Q'C (average)

- . |[Mass Fiux by Parametsr 3 :
* [Parameter|Q (Vsec) [Cone. (mgh) jFlux (mg/sec)
[Meth. Cl. | 2.00E-01| 3.765 7.53E-01

. [TCA___| 2.00E-01 3.895] _ 7.79E-01]

. |DCE___| 2.00E-01 15470] _ 3.09E+00]
TCE - 2.00E-01] 6.985] - 1.40E+00
|PCE 2.00E-01] - 2255 - 4.51E-01
Toluene | 2.00E-01 0.535 - 1.07E-01
' Total Flux ~ B8.58E+00

Brioti2.xis - ’
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[Calcuiation Shest for BR-7 -

Q © 0.3|Vsec
- |Average Concentration by Parameter '
Parameter] RAW-1 RAW-2 Total Cone. *| Ave. Conc. | -
Meth.Cl.1|° O - 0 0 0.000
TCA 0.35 0.43 ) 0.83 - 0.415
- DCE . 0.18 0.32 0.5 0.250
- TCE -| 0.078 0.11 , . 0.188 -~ 0,094
PCE 0.041 007 0.111 0.056
Toluene |- © 0. 0 0.000
\ - ‘ “Total VOCs | 0.815
Tot. ID Comp. 1.73

1. AII concentrations are expressed in milllgrarns!llter (mgn)

2. RAW-1 and RAW-2 Concentration Data from AGC. 8/96 Sampling Event (mg:l)

3. Velocity Data Developed uslng Kand1i Values from ERM FRl and A as Devetoped from A(:C

'Flux=Q‘C (average) | I
Mass Flux by Parameter N
Parameter]Q (Usec) Conc (ng!l) Fiux (mg/sec)
Meth. Cl. | 3.00E-01 0.000{ = 0.00E+00
TCA | 3.00E-01] -0.415 - 1.25E-01|
- JDCE 3.00E-01} 0.250; = 7.50E-02
TCE 3.00E-01 0.094 _2.82E-02 :
PCE .| 3.00E-01 0.056 - 1.67E-02
- |Toluene | 3.00E-01 0.000{- 0.00E+00
‘ 1 - |Total Flux 2.44E-01

‘ Total Bedrock Fiux to Stream by Parameter

B Brtotﬂz.xts

Parameter Cum. Flux :

1Meth. Cl. 7.49E+01

TCA 6.92E+00

DCE 3.81E+00|

TCE 6.39E+00

PCE - 5.12E+00

Toluene N 1,40E+00 : o

' - |Total Flux . .8.86E+01 9.86E+01

ARIOOLLS
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_ [Calkculation Shest for *OB-1" Sediment Flux

- |Ave. VOCs.

Q=.237*75 0.178llsec
. |PZ{ave)= 2.25lmgh
. |Piezometer Average Concentratlon mghl) -
Sample ID Conc. (mg/l)
t. PZ-2* 0.008
: PZ-22* 1.76 j
. P2-21* o0
RD-12 —0.087
RD-11 11.64
RD-10 0.058
Total VOCs 13.53
225

1. AII ooncentrations are expressed in milllgramslllter (mghl)

2.* = Concentration Data from ERM FRI Report (mgh) -

3. All other concantration data from AGC Pre-design Investigation

4. Velocity Data Daveloped using K and | Values from ERM FRI and A as Daveloped from AGC

Piezometer Mass F| F lux Calculations

.f‘.

' {Piezometer Flux = Q*C (average)

- [oBPZ Fioe ~0.40|mglsec
BRFio= 36275 —

* |"OB-1"BRFlux= 2.72|mg/sec
SEDFIux-PZFXBREX |
"OB-1SEDFlux= —_ 2.3[mgisec

Calculation Sheet for "OB-2" Sediment Flux

G=.237°25+.009+.0002°.60__ 0.07|Vsec
PZ {ava.)= . [ 300.75 , '
Piezometer Averagg Concentration (mg/)
Sample ID Conc. (mg/)
PZ-17 1.35.
PZ-17 - 21
. PZe11 0.48
PZ-12 2380
PZ-8 . 68
PZ-8 .88 .
PZ-3 328
PZ-3 . 1468
PZ-10 119.7
PZ-7 .- 554 -
- PZ-19 470
Total VOCs 3308.23
AveVOCs - 300.75
. Pzsedfix.xls

ARIO0LYY




e i .

'
h.J

("OB -2" Con't)

1. All concentrations are expressed in mllhgramsfhter (mg) -

2. All Concentration Data from ERM FRi Report (mg/l)

L

IE Veloclty Data Developed using K and | Values from ERM FRI and A as Developed from AGO

Piezometer Mass Flux

Calculations

Piezometer Mass Flux = Q*C (average)

[oBZ Pz Fine —20.56|mpglsec
- {BRflux= (3.62". 25)+20 6+(.457‘.80) :
OB 2"BRFlux- , ___21.78imglsec
SEDFqu=PZFlux-BRFlux .
"OB 2"SEDFqu- __-1.22|mg/sec
- : - , - : N .‘f”
Calculation Sheet for "OB-3" Sediment Flux

Q=(.0002".40)+(.009".75) .

, Vsec

PZ (ave.)=

[ 700.3

| |Piezometer Average Concentration

mgh)

- |Sample D [Conc. (mgn)
PZ-14 - . 8.2
FZ-18 180
PZ-15 816]_
PZ-13 1800
Total VOCs - 2801.2|
Ave. VOCs 700.3

1. All conoentratlons are expressed in milhgrarnslllter (mgll)

2. All Concentration Data from ERM FRI Report (mg/)

3. Velocity Data Developed using K and | Values from ERM FRI and Aas Developed from AGC

Plezometer Mass Fiux Calculations
~ |Piezometer Mass Flux = Q*C (average) -
- |"OB-3"PZ Flux= .4.78|mg/sec
- |BREx=(457" 40)+(21.6°.75) ' 3
_ "OB-3"BRFIUx= 16.38|mg/sec
SEDFIUX"‘PZFIUX—BRFIUX .
"0B-3"SEDFiux= -11.60|mglsec

Pzsedfix.xis

AR100450



. [Caiculation Sheet for "OB4" (UpparPorion)

Q=(.009".25)+(.18".50) _ ‘ 0.092|Usec
PZ (ave.)= | 125787 3
Piezometer Average Concentration (mgfl) -
Sample ID Conc. (mgfl)

PZ-25* 164

PZ-18* 5600 :

pZ-18* 816

RD-9 T 44

RD-8 648
B RD-7 - 274 B
Total VOCs 7548.00
Ave, VOCs 1257.67| L

1._All concentrations are expressad in milligrams/liter (mg/l)

2.* = Concentration Data from ERM FRI Report (mghl)

Lt
o

3. All other concentration data from AGC Pre-design Investigation-

4 Ve!ocity Data Developed uslng K and IVaIues from ERM FRIl and A 2% Developed from AGC Y

Piezometar Mass Flux Calcu!aﬂons

90)

Piezometer Mass Flux = Q*C (avera:

"OB-4U"PZFlux= 116.02|mg/sec
BRFlux= - (21.6*0.25)+(45.4*0.5) ,
*0OB-4U"BRFlux= 28.10/mg/sec
SEDFlux=PZFlux-BRFlux | g
"OB-4U"SEDFlux= . 87.92img/sec .
. |Caleulation Shest for "OB-4" {Lower Portion).
. 1Q=(.18".50)+(.20*.20) . 0.13|VUsec
- |PZ {ave.)s ' 054 :
Plezometer Average Concentration (mg/)
- Sample ID Conc. (mgM)| - b
- PZ4 0.4
__Pz-28 0.67
Total VOCs 1.07
Ave. VOCs - 0.54

1. All concentrations are express

in milligramshitar (mgll)

1

|2 Al Concentration Data from ERM FRI Report (mgfl)

3 VeIocaty Data Developed usingK and IVaIues from ERM FRI and A as Developed from AGC

- ) ‘P:sednx.xu!s
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| " |Piezometer Mass Flux Caleulations ]
Piezometer Mass Flux = Q*C (average) )

"OB-7"PZFlux= - . | 0.18mg/sec
BRFw=244. | | _
"OB-7'BRFlux= | 0.244/mg/sec-
SEDFtuwPZFqu-BRFqu | o
"OB-7"SEDFilux=_ -~ | - -0.06img/sec -
. [¥otal Cum. PZ Flux= 143.51 _m!séc

" [Total Cum.SED Flux=, __ 44.77 mglsec

' sted_ﬂx.xlsr
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Calculation Sheet for OB-B"

Q={.30°75) ' 0.225|lsec.
PZ {ave.)= . 1.07 : 1 -
- |Piezometer Average Concentration {mg/l)
‘ Sample ID Conc. (mghl)] -
RD-3 ' 0.004
RD-2 0.968 .
RD-1 3
RD-13 - 0.645 -
RD-14 . 0.757
Total VOCs - 5§37
Ave, VOCs -1.07

1. All concentrations are expressed in milligrams/liter (mg/)

2. All concentration data from AGC Pre-design Investigation

3. Velocity Data DeveIOped using K and } Values from ERMFRI end A as Developed from AGG

Plezometer Mass Flux Ca!eu!ations !

G

Piezometer Mass Flux = Q*C (average)

|"OB-68"PZFlux= 0.24|mg/sec
BRFiUx=(.24470.75) _ N
"OB-6"BRFlux= 0.183 mglsec
SEDFlux=PZFIux-BRFlux N
“OB-6"SEDFlux= 0.06|mg/sec
Calcutation Sheet for "0B-7" Co '
Q=.30 0.3|i'sec
PZ (avs.)= . 0.682] '
- |Piezometer Averags Concentration (mg/l)
__SamplelD - |Conc. (maf)|
RD-15 0271
RD-16 - 0.304
RD-17 0.788 .
RD-17 0.68
RD-17 0.852
RD-18 0.697
B RD-18 0.768 .
Total VOCs ~ - - 438
Ave VOCs ' 0.62

. Al eoncentrations are expressed in mllligramslllter (mgn)

- |2. All concentration data from AGC Pre-design Investigation

1

I .

13 Velocity Data Developed using Kand | Vzlues from ERM FRI and A as Developed from AGC
. |

L

‘Pzsedfixxls
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- Introduction

o Focused R_emed_ial _Invesﬁgation.Woﬂt Plan ERM. May7, 1993.

"'« Removal Action Plan. ERM. August4, 1995.

- &-5"

. | 'l'hxs document presents estimates of atmosphenc voc concentrations related to the planned Remm.a]

Action (RA) at the Galaxy/Spectron Superfund site. The RA is intended to mitigate discharge of VOCs to
the Little Elk Creek, and is currently in the des:gn phase. This document has been prepared at the request
of Advanced GeoServices Corp (AGC), and is intended to provide gu;dance related to the need for o
mitigative measures during the RA The objeemes of th:s analys:s areto: _

i

1 develop a conceptual model of potenual armosphenc d.lscha.rgcs of VOCs from the tht!e Elk

~ Creck sediments dunng construction activities; - -

2. o developa mathemaucal model to estimate the resultmg atmosphenc concent:anons in the |
breathing zone and surroundmg areas; and . .

2 . . evaluate the range ofresults and describe the une'eﬂainti'es associated with the esti'mates.

. Remeval Action Conceptual'Design Report. Acc; M'archt 1996.

. Removal Aeuon Pre-Desxgn Investxgauon Summa:) Report AGC Novrember 22, 1996 e ;
. Removal Action Draft Intemledmte (75%) Des:gn Repart. AGC Apnl 3 1997

Section 2 of tlus document presents a brief site baekgrouncl Secuons 3 and 4 present the eoncepmal and

mathematical models, respectively. Physical and chemical data used are given in Section §, and the -

. .. calculations and estimates of atmospheric concentrations are provxded in Secuon 6. Section 7 presents the
_ conclusions and recommendations of the ana.lysxs.

FINAL - B B R -
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~ This analysis is based on ex.lstmg site mvesuganon data and RA p.relunmaur des:gn mfomauon presented .
in the followmg documents o
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- Site Background -

- 5» .
The Ga]axylSpccuon site is a former solvent recycling and fuel blcnd.mg facility occupymg approvmatcly '

. 8 acres adjacent to the Little Elk Creek north of Elkton, Maryland. "Details of the site history and prior

mvesugahve activities are skipped herein for brevity, but can be obtained from previous site reports.
Previous investigations have shown the presence of various phlonnated and non-chlorinated VOCsin
ground watér, surface water, soils, and sediments at the site. The constituents of concern (COCs) identified
at the site are 1,1,1 trichloroethane (1,1,1 TCA), cis-1,2 dichloroethylene (cis-1,2 DCE), methylene

- chloride, tetrachloroethylene (PCE), mchloracthylcne {TCE), and toluene, Table 1 summarizes field-GC
- results for VOCs taken from piezometers located within the stream channel. The overburden segments

referred to on the table are discussed in Section 6. Table 2 summarizes the VOC results by consuucuon '

" segments, also discussed in Secuon 6.

During previous mvesugauons, Dcnsc Non-Aqueous Phase qul.uds (DNAPLs) were dlscovered in the

sediments of Little Etk Creek. These DNAPLS, along with contaminated surface seeps and contaminated

. . ground water discharge, have caused exceedences of Maryland State water quality standards in Little Elk

Creek. The objective of the RA is to divert the discharge of VOCs into the creek in order to achieve the
State water quality criteria. ‘This will be accomplished using collection systems for seeps and contaminated

- ground water, and a mechanical isolation system for the creek sediments. The isolation system consists of
a cast-in-place concrete structure with ground water cutoff walls that will convey the Little Elk Creek |
= streamﬂow' wh.ile eliminat.ing contact with the contaminamd scdimcnts. ' 3

'

’ ,Dunng cohstrucnon of the proposed R.A, the comarmnated stream sediments will be evcposed for a short .
_period of time, During this time period, the release of VOCs from the sediments will divert to the
. atmosphere, craaung 2 new potential transport pathway both within the creek bed and offsite. The purpose
~» of this analysis is to evaluate that potential transport pathway, and to estimate the potential atmospheric .

concentrations of each of the COCs during the RA construction. Following completion of the construction
activities, the at_mosphenc pathmy will be elumnated by the prescnce of the cast-m-p!ace concrete .

' suucmre
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. Tabled- Average Overbg.fﬂen VOC.chcen'traticns

o S -_Overburden Segment” o
‘Compound - ' ] 2 1 38 -4 - 8 6 7
1.1,1-TCA 1. 7,425 | 76,127 | 44,539% 80,247 | 4,582 | 627 317
cis 1,2-DCE . | 740 | NA~ NA -~ 1,.25378 t 671 | 212 .- 80
‘Methylene Chlonde 676 - | 058,080 | 213,701 | 968,892 | 2,313 |~ 403 .90
. PCE- 166 23,410 } 21,720 | 10,776 | 681 ‘| . 78 80 -
TCE 281 NA | NA _2.215 173 86 - 41
‘ Toluene 1- - NA “NA -} Ta28° ] 22 g 0
Al concentrations are ugf!.. '
~ CDncentraﬂon averages provided by AGG (transmﬂtal dated 8.'20!97)
‘s Segrnent Iccaticns indicated on Flgure 4, Segment 1is upstream segment 7 is downstream
Table 2- Average voc Concentrations By c::nstruction Segment h
Constmcaon Sggment' o
Compound . 1 2 3 . -
- 11,1-TCA. 41,776 67,393 1,842 S
cis1,2.DCE 740 25,378 324 - .
Methylene Chloridc . 479,368 | - 591297 965 N
"PCE . - 11,638 18,248 280 AU
TCE 281 . 2215 100 -
-Teluene -1 . 1126 8
All concentratians are uglL ~ o : :
o Averages calculated bygiving equal weight to each overburden segment '
' listedin Table 1 ' :
S * - Segment locations indicated on Figure4
Segment 1 Is upstream, segment 3 Is downstream:

3
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3 Conceptual Mode! | .
‘ : - AR ‘ A
There are three primary elements in the conceptua.l model for volatihzatzon from stream sed.r.ments at the
site, These elements (depxcted in l-'xgu:e 1) are: , .

.1 . .the source of VOCs, which eons:sts of VOCs d.lssolved in imersuua] water within the stream bed
' {note - although DNAPL was cbserved duec:]y in one location, all other Jocations showed YOoC
eoncentrauons at 10% or less of solublhty), B .

e

2. unsaturated soils and sedxmen:s of the stream ehanne! wh:ch he dbove the VOC sowce and
. through which the volauhzed constituents must travel; and _ ,

3. the nearrsurface atmosph'ere into which vqxatiliging VOCs are discharged. |

" Aumosgheric Dispersion L ’ ’

~ Figure 1- Conceptual Model

‘The deplctmn in F:gure lisa generahzed model of the verucal cross-section wnhm and above the stream -
channel. The strength of the source, and the thickness and properties of the unsaturated zone vary over the

* length of the channel. 'These variations are accounted for in the calculations (presented in Section 6). The

~ discussion of the conceptual model and denvauon of the mathemancal model are based on the genera.hzed

L model presented in Fxgure 1.

T T T R 00859



The first element (the VOC source) exists as VOC constituents dissolved in ground water, The s'tr'ength‘of

the source is represented by the measured ground water concentrations in différent segments of the stream

* channel. The release of VOCs from the aquecus phase into the soil vapor in the unsaturated zone,occurs by u

volatilization and is govcmed by chry s law and the measurcd chry s constants for each mdmdual
oompound. , ‘
. --‘;- e * .+ N

‘Once VOC vapors have entered the pore vapor space, they will mlgme upwa:ds toward the surface through

the unsaturated bed sediments. This process is govemned by Fick’s First Law of dispersion, which describes

. the movement of gases through diffusion due to concentration gradients: The concentration gradient is
- defined by the difference in concentrations at the surface of the VOC source and at the ground surface, and

by the th:ckness of the unsanuated zone,

\

' VOC vapors dxﬂusmg upwa,rd through the unsamraxed zone are cnlmned in the atmosphere when they

reach the ground surface. A gaussian dispersion algorithm is used to estimate the resulting atmosphenc

o concentrations in areas adjacent to the stream. For areas within the stream channel, 3 sxmphﬁed box model
. uﬂl be used to esnmate the rcsulnng breathmg zone conccntrauons. .

Dctaﬂs on the ma&e_matical formulation x‘or each of thi:sg steps are giveu in the next section.

b

“FINAL B - s 09/08/97
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ReceptorConcentrations T ]

4 o

Mathematical Mo_d_el

p"- : "sh‘i'

- The mathematical model for tl'us site is derived from basic pnnelpals of phys:es and chenustry Where | _
_ possible, references are given for other authors who have used these same derivations, but it is important to

understand that no specna.hzed modeling codes or empirical eelculauops'are included herein. The only -
exception is the gaussian dzspemon used to estimate ambient air concentrations - the derivation of the
marhemauca! ‘model for gaussxan d:s'perszon is refereneed ra:her than prov:dmg itin full. :

The denvatxon of the mathemaucal model for rhls site bcgms mth the estimation of armasphenc
concentrations. There are two mathematical representations used herein; one for the breathing zone and
gne for areas adjacent to the stream channel (referred to as “ambient air™). In both cases, the source of
VOCs to the atmosphere is represented by a ground-level area source w:th a gwen ™ass ﬂux rate of each

| oompound (Fxgure A

Source Length . -

‘ Figure 2. Ground Level Area Source

| Ambient A!r Concentra tians

"The mo.st mdely used mathemaneal models for esnmaung a.mblent air concentranons resulnng froma

horizontal area source are based on the theory of gaussian dispersion. This is an empirical method that has -

"' been extensively calibrated to field data, primarily by the US EPA. In fact, the required atmospheric
-dispersion modeling techniques given in the Guideline on Air Quality Models (US EPA, 1986) use the

" gaussian dlspersxon technique. These models determine a concentration factor (3/Q) based on a unit flux
fate (1 g/mYsec). The concentration factor is generally a function of wind speed, atmospheric stability,

downwind and crosswind distance, and height sbove ground surface. A detailed description of the
deveiopment and calibration of [} gauss:an dxsperslon aIgontbm is provxded by Tumner ( 1910)

BT ¢ RRTG0GET O




: Detaﬂs on the model calculauons of le for this sne are provxded in Section 6. For the remamder of the Q o

denvahon. the relanons}np between ambnem air concentrauons and the source mass ﬂux rate are g:ven as:

- Fs'fle‘ : I, - H,_-o
- ‘ambient air concentration of compound i (mglm’)

= mass flux of compound iat the ground surface (mg}m Isec)

model-dezennmed concenuanon factor ((mg}m’)l(mg/

| Breathing Zone Concentrarions

/sec))

M

’ 'Ihe breathing zone is deﬁned as the zone between the ground surface and the average helght ofa human
. receptor. Concentrations in this zone resulting from mass vapor flux at the surface are estimated usmg a8
. simple mixing model, This model is based on a mass balance performed within a control volume of air in -
~ the breathing zone as shown in Figure 3 (Zannetti, 1990). The lengrh of the control volume into which the
.« vapor flux dlsperses is defined by the wind speed. The resulnng air volume is denved as follows

ARIOO4E2

v, - W‘H‘“ to ) . R o
g e . . - ) - ‘- ) W .
where o T ' S
Ve = volume of the control volume (m’) R A IR
W - w:dthofmesourcearea(m) SN S o AJ
H - bmmmgheigm(m) o ! . LT
S u = wind speed (m/sec) o R
ot = clapsed time (sec) o .
: ’ X .l.'4 . " — \ ] ' ‘.W
WindOrecon =~ . . N
. Length=u*t ) - " )
. : ' .. : - Height= H
Widh s W /
+ Sowcetangnel .
— Figure 3-3r_eaﬁ:in_gZonei\vﬁ:ingMoﬂel B -
' | N
7 09/0897 _



“The mass discharged into the control volume is derived as:

M o= F*WsLet _— R - - ®
' wh’eﬂ': Ce e &-9—‘ S \
M, = massof compoundid.tscharged into the controt volume (rng) o

L lengt.h of the source arez ixi the direction of the wmd (m)

The fully mixed concentrauon inthe breaﬂung zone is calctﬂatcd 1 the mass in the control volume divided -

by the volume of the control volume ‘
(" .

Cu = ECWALP/WOHN

G smewms e

Mass Flux at the Sun’ace

The movement of vapors frem the subsurface source to the ground szu'face is driven by the concentrauon
grad:enl as deﬁncd by Fick's First Law of diffusion ('US EPA, 1938) ' ,

R - D-.i"_dCfdz TP e
whex_re. N R | < . |
D; - = effecuve dm‘uswn coefficient ofcompoundimthe soil lnam,x (m’/scc)

aCydz = vemca.! concentration gradient ofcompoundx(mglm‘)

The concentration gradlent is calculated as follows

where

| Cu | - ' vapor concentrauon ofcompoundi Justabove the source (mg!m’)
R o ¥R = vapor concenmon of compound i justabovtthepoundsmface (mg/m’)
h. = thickness ofmsamra:ed Zone (m)

In mlity, the vapor concentration just above the ground source mll notbe equal to zero since the " )
" atmospheric dispersion does not completely remove the vapors immediately. However, assuming a ground"

level vapor concentration of zero simplifies the mode! and produces conservative estimates of the
volatilization rate. Therefore, we assume that 'Cui is equal to zero for the purpose of dcnemuung the vapor

-concentration gmd.:enr.




-~

R T , 'I'he effective dm‘us:on cocﬁiclent is related to the air dlﬁusmn cocﬂicnent of a vapor by an empmcal -
S relauonslup (US EPA, 1988) descnbmg the tortuos:ty of the vapor space in the soil matrix: - )
" where’ - - , ' T }";" ' | |
Dy = axrd.:ﬁus:on coefficient for compoundx( lsec)
‘n, - .= airfilled porosity of the soil (m’m%) R

‘m = total porosity of the soil (m'm%
Therefore, the mass flux may be simplified as follows:

B = DutPaerCu-'cd/s . L

Vapor Concentrations at the Source
. The equilibrium between the dissolved and vapor phases is gmmed by Hen:jr‘s Law (US EPA, 1988): .
-.901.5 = H*Chi* 1000 Vm’ R S e T o (§) o
o whem R o ‘ : o
U Hy = dimensionléssHemy'sodnstantforcémpound_i ‘ h RN
G 0= ‘mcasu_rcdg_roundwa!er’concenaa;ﬁdnofcompoundi AT R u :
5ummary
The equanons derived above can be combmcd for thetwodesxrcd cndpomts,assmnmnzcd mthe S |
followmgmamx . o :
Receptor,'l‘ype‘
' Breathinchﬁé Concentration Am'bi‘ehtA.i'rConc'enu'ation
Cu"lDu'In- /5] *Hy* 1000 % Cogs * L)/ B H ] Cu'[Du'[h-”” rm-xooo*c.u le]Ih |
- N
FINAL . e A ‘ - , 09/08/97
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5 Physical and Chemical ,Data .
The ph}mcal para.meters used in the site modcl are pnmdcd in Tablc 3 Note that some of the physmal

. parameters are provided as a range of values — the ranges are eva]uatcd in Secuon 6 below 'I'he chemical
parameters used for each compound are provided in 'I'able . .

\-.._ o

‘Table'sh‘-?hysicé_l' Parameter Values |

: - . ‘Parameter Symbol . Units Value Source
.~ . .- breathing height T H .m 2 - A1)
"~ - windspeed U mis . 35 (@
, ' source area length L m ‘Varles - (3)
. * source area width W m - Vares 3
L ‘unsaturated zone thickness h m - 035-1- (3
total porosity | ! n m/m® . 03 4
' alr-filled porosity - cna- . m¥m*  01-02 - (&
oL . temperature T °C 254 " (5)
\J s - ) temgerature T . - *K ' 3034 - :

1
P , S S (1)-Us EPA 1996a . '
o ‘ (2) - based on mean July wind speeds for 1987 through 1904
. from NOAA data for Wilmington WSO
~ {3) - 20% Design .
‘ (4) - professional estimate
A e . (5) - based on mean daily July tempemtures for 1987 through 1996 C
P ' . from NOAA data for Wilmington WSO :

L

Table 4~ Chemicat Paramefer Values

_ Alr Drffusion Henry’s Law

o L S R i - Coefficient = ' Coefficient
N : . — - m3fsec e
- o ‘ - 11,4-TCA ; ‘ . 7.80E-06 - . 7.05E-01
' . ¢is1,2DCE 738506 ' - 167E-01

- Methylene Chloride -~ =~ 1.01E-05 - 8.88E-02 .

PCE = . T20E06 @  7.54E-01

TCE . . . 780E-b8 . 422E-01

| Toluene -~ . :8.70E-06 . 2.72E-01

U" T S _ Values taken from the Soll Screening Guidance (US EPA, 1896b).

TR nﬁsumg‘g,_' e



Caiculations | _
o | stall 5- 2

~

‘ Dun.ng the unplememanon of the Removal Acuon, portions of the Little Elk creck wﬂl be dewatered and

exposed for construction activities. Details of the construction sequence and activities can be found in the

" 90% Design. The construction will be completed in three phases, as depicted on Figure 4. The three

construction segmcnts are characterized by different model inputs with respect to calculation of expccted
atmospheric VOC concenmmations. Only one construction segment will be open at any time - the
mathematical model was therefore applied to each constmcuon segment mdmdually ‘Table 5 shows the

_ model mputs by construction segment.

[

: Table 5_ - COn§truction 'Sggmen( Parameter Valu_és

Parameter ; . Segment 1 Segment 2 _Segment 3
Average Width (m) e 30 . 2 0 . - 20
Length (m) .. 8, . 8 - 100
Area(m?) 2400 1600 - 2000

Appendix A shows the output from the SCREEN3 model used to determine y/Q values. The SCREEN3
- mode] was developed by the US EPA for use in determining screening level ambient air concentrations

from point, area, and volume sources.  The model was executed using an area source with dimensions for

- each construction segment as indicated in Table 5. The average wind speed was combined with worst-case -

stability conditions to determine the maximum possible short-term downwind concentrations in the critica,
wind dimé&on. The 'ambient concentrations rcported in Table_ $are based cn a 1-hour avcragin'g period. '

" Table 6 shows the estxmated ground levei ﬂuxes for each consutuent for each of the three construction.
. segments, given in terms of flux per unit area; Table 7 shows these fluxes converted using the approximate

area of each construction segment. Table 7 also shows the estimated total flux of VOCs into the creek by

~ construction segment taken from the Pre-Design Investigation Summary Report. The previously calculated
" flux values represent the estimated flux of VOCs from ground water and sediments into the creek under
natural conditions, and are not directly comparable to the estimated volatilization fluxes under construction
"~ conditions, However, as a point of reference, there is strong similarity between the magnitude of the fluxes |
. ¢alculated based on volatilization, and those prev:ously calculated based o ground water d:scharge to the -
creek. S

" Table 8 shows estimated breathing zone concentrations and Table 9 shows‘esumated downwind ambient -

cancentrations for each constituent by construction segment. Appcndlx B shows an illustrated ca!culanon

of TCE concenrrauons for construction segment 2

“The calculations shown in Tables § and 9 were perfprmed using an unsaturated zone thickness of 0.6 m (2

R), and an air-filled porosity of 0.2. These values are the most Likely average values for these parameters,

AR100466
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Table 6- Calculated Fluxes

o Constmct:on Seg_nt

~ Compound - - 1 2 3

1,1,1-TCA ~ 2.00E02 ;23&-02 8.62E-04 .

- ¢is 1,2-DCE- . 7.92E-05 ) 2725—03 - 3.47E-05

Methylene Chloride 3.79E-02 467E-02 7.63E-05

PCE L 5.50E-03 7.68E-03 - 1.32E-04

TCE 8.16E-05 - 6435-04 - { . 290E05 ..

Toluene 2.08E-07 | - 147&-03 - 1.58E-06

All fluxes are mg/m¥sec -

Table 7- Comparlson to Prevlous Flux Estimates S
\ - Construct.-on Segment
-.Compound - 1 2 3
Segment Area (m®)’ 2400 1600 . 2000
1,1,1-TCA . 4.80E+01 5.16E+01 - 1.76E+00 .
cis 1,2-DCE - 1.90E-01 4.35E+00 8.94E-02 -
'Me:hylene Chloride . 9.09E+01 1.47E+01 '1.53E-01
PCE - 1.32E+01 1.23E+01 2.84E-01
TCE 1.96E-01 1.03E+00 - 5.81E-02
Toluene - 9.09E+01 747E+01 ' 1.53_E401
Total - 2.43E+02 - 219E+02 | - 2.48E+00
PDI Estimate’. | 3‘.32&+o1 " 1.52E+02 ' 2.84E+00
All fluxes are mg/sec R
1 - Pre-Design Investigation estimate of natural ﬂux into stream from
}bedrock and overburden dlscharge :
12 0910897
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L ' : Construction Segrment

* Compound - : 1 .2 3
© 1,1,4-TCA ~ 2.20E-01 “369E01 | 1.26E-02
. cis 1,2-DCE ‘ 805604 | 3:11E-02 4.96E-04

‘Methylene Chioride | 4.338-01 | 534501 | 1.09E-03 -

. PCE .| ea20E-02 | 878E02 | 1.89E03

TCE | e3sE04 | 735503 4.15E-04

Tolvene |  236E-06 | 168502 | 226E05

. - . Constmdmn ment
"..Corrpomd | 1 1 FEE 3
1,1,1-TCA S 412E-02 | 4.45E-02 - 122608
.. ¢is1,2-DCE : © 4.63E-04 - 3.74E03 4.78E-05
. -MethyleneCHonde 1 T80E-02 | 644E-02° 1.05E-04 .
PCE -~ . 1 143802 | - 1.06E02 1.82E-04
TCE R 168E-04 | . 886E-04 | 4.00E05 -
To!uene R - 4.24E.07 2.02E-03 2.18E-06

‘Table 8 - Estimated Breathing Zone Concentrations

All co_hcgri{rations gremgm®

Table 9 Es'amated Maximum Ambient Alr Concentrat:ons

.. All concentrations are mgfm’
_ Concentratlons ca!culated perpend icular to stream channel '

L
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Summary and Conclusions | |
T e e SR
: Table 10 summarizes the ranges of esumated concentrations for the. breathmg zone and the ambxent alr
- ad;aeent to the stream charmel : ‘ _ _ O
) _ R
" Table10- Summary of Estimated Concenfration Ranges

. Compound ' o DainAverage Breathngam ' Haur&rAverageAmb:mfAir (100m) -
R : ‘ ~ Concentration Range (mg/m % Concenb-atfan Range (mg/m)
LL1TCA - S 001-04 o 0001-004
cis12-DCE ) : L 0000s-003 - | o’.oobds-p.ood : |
Methylene Chloride - 0.901-0,3_ BT  0.0001-008 ’
T PCE - 0 0.002-009 '_  [ }o.booz'_’-o.'bi"'
. TCE - | : '0.0004-0.067“ ER . 000004-00009
o T'om'e;,e- | T o.eooooz.'e.oz AL '-0.0006004‘;‘0.002- -

. The results presented here do not account for other background sources of VOCs. and represent only the \J
contribution of volatilization from the subsurface. Other backyound concentrations should be added to
. these results to estimate the concennahons that will be obser\red in the ﬁeld. : ,

A

The breaﬂung zZane concentration estmates show that the highest concenmons are seen conslstent!y in
constriction segment 2. A review of the overburden segment VOC data in Table 1 show that overburden
segment numbers 2 and 4 have somewhat higher methylene chloride concentrations than the averages for
the construction segments shown in Table 2, The same is true for the other COCs, Actual concentrations -
observed in the field should be higher while working in these scgments than the averages would mdxcate

: However. the dxﬁ‘erence is not gmt, and is not more than a factor of 2. ' ‘

The volatilization estunares prowded by this ana]ysxs are dependent on the ground water data eollected, and
*. thus are subject to change as the source tenm changes.” Based on the planned collection of ground water
dunng the construction of the remedy, and the significant time period which has elapsed since the last
_ major sampling effort, the actual ground water concentrations are expected to be lower than the older data -
- would suggest. This wﬂl cause a eoncomxta.nt reducnon in the esumated atmosphenc concentrations.

For comparison purposes, Table 11 lists the‘ACGlH TLV-TWA values aad theEPA Region 3 ("Roy's N
List™) Risk Based Concentrations (RBCs) for ambient air for the constituents of concern. The RBCs were
developed to be protective of long-term exposures, while the TLV-TWASs are specifically relevant to -

. worker exposures. The inclusion of these values herein does not imply that they are appropriate targets for
- the proposed removal action. However, they are prowded as a feference point by which to assess the
magmtude of the esumated cencenuanons provxded inTables 8,9,and 10, . ,

. } . - ] . . 3 ) . . ‘, .
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 Table 11~ Healtb Benchiarks .

Ambient Alr RBC*

" Compound R . 8Hour TLV-ﬂVA" .
S a A ‘ (mg/m) ' (mg/m")
CLLETCA o o oeTene skt 10
Gs12DCE . 193 e 0037
© Methylene Chloride ~ -+ IR 174 et 10,0038
PCE 00031
T™CE 1o 269 L . 0.001
l'I‘oluene e L | - 188 i 0.42

. -EPA Reglon I Risk-Based Concennauon Gmdance, April 30, 1996 :
** . National Libmy of Medxcme MEDLARS (RTECS) accessed July 27, 1997

The RBC values are based on a 30-year exposure penod and should be adJusted to account for the shorter
exposure period dunng construction prior to comparison to the estimated ambient concentrations. ‘Based on
a preliminary comparison of the estimated concentrations to the health benchmarks presented, it is apparent

" that the worker protection benchmarks are significantly higher than the estimated breathing zone
concentrations. The RBC values (unadjusted) are comparable to the esu.mated ambzent concentrations, and

g the adjusted REC values will probably be lugher

COFNAL B T I
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‘Appendix A - SCREEN Model-Resuits

 THE REGULATORY (DEFAULT) ANEMOM'BTER HEIGHT OoF 10 0 METBRS WAS ENTERED.

| we+ STABILITY CLASS 6 ONLY **+ = LT

B LI A d 2L 2 X e S R 222 s gyl d)

| ##+ SCREEN AUTOMATED DISTANCES ##+.

pIsT " .eoNC¢ . . UIOM . USTK MIX HT PLUME MAX DIR ~ - :
s (H) T (UG/M**3) STAB {M/8) (M/8) M HT (M) (DEG} ) o !
10, .2089E405 6. 3.5 3.5 10000.0 . .00 . S0.
100, - .2026E407 6 3.5 3.5 10000.0 .00  90.

- MAXIMUM 1-HR CONCENTRATION AT OR BEYON’D 10.- M:

09/08/97 S e e
| S , 06:39:49
e SCREENS MODEL RUN *#+ P o R
#+* VERSION DATED 96043 *#* o R

Speétron Site - Construction Sagment 1

'sxurLz TERRAIN INPUTS:

SQURCE TYPE - ‘ AREA

- EMISSION RATE (G/{S-M“‘“2)) - . 1.,00000
" SQURCE HEIGHT (M) o= _ -0000
LENGTH OF LARGER SIDE (M) - 80.0000

- . LENGTHE OF SMALLER SIDE (M) = 30.0000
- RECEPTOR HEIGHT (M) - - 2.0000
URBAN/RURAL OPTION - . RURAL .

THE REGULATORY (DEFAULT) MIXING HEIGHT OPTION WAS SELECTED.

ANGLE nannm:vz 10 LONG AXIS = - 90.0000
sUOY. FLUX = .ooo.n¥t4/s**é; .nog:,tﬁux - .00 Mesa/seo2.
*** ANEMOMETER KEIGHT WIND SPEED OF = 3.50 M/S ONLY ***

whbhhakrbrh bbb bbb bbbk dd

#++ TERRAIN HEIGHT.OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES ***

200. ' .1484E+07. 6 3.5  3.5'10000.0 . .00. 90.°

85. .20S9E+07 . 6. - 3.5 3.5 1oooo o .00  s0.

tfﬁ.t*ttﬂ*iiQ*..ti*!it.itiltt‘*iiitiﬁii

A SUHMARY OF SCREEN MODEL RESULTS *+#

_.tti**-tiiﬁt*t.ﬁi.*ﬁ.*.f**f"*tf"tti*ﬁ_ .
) o | . o - . . | o ' X o . . _i.
CALCULATION _ MRX CONC -~ DIST TO TERRAIN s )

 PROCEDURE - (UG/M**3) .« MAX'{M) . KT (M) |

- SIMPLE TERRAIN .2050E4067 - 85. . 0.

_.**tittttttitii{!‘jﬁwtittIt-t._t*_tt_iittii.ttt*i*ii*t*i_it'**t:*
** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS w*

iiiititQt*t*tt*.ttt*t*i*f*lti*titﬁﬁi!ii’*titqitiiti .

i

09!08!97

D uﬁloows



0s/08/97 ' S - ke R _
o co DT _ e - 06:42:20
#%% SCREEN3 MODEL RUN ‘¢ . a e Y .
*#¢ VERSION DATED 96043 **+. . : e
-Spectron sita - chstruction Segmem: 2 o A
SIMPLE TERRAIN INPUTS: S
SOURCE TYPE ' - ° AREA |
_ EMISSION RATE (G/(S-M**2)). = 1.00000
_ SOURCE HEIGHT {M)- . . .0000. .
- LENGTH OF LARGER SIDE (M) = 80.0000 R , : )
"LENGTH OF SMALLER SIDE (M) '=. 20.0000 . * .
'RECEPTOR HEIGHT (M) .. = = - 2.0000" AR :
URBAN/RURAL OPTION = . . - RURAL o : , ‘!

ITEE REGULATORY (DEFAULT) MIXING HEIGHT OPTION WAS S!.LBCTBD. S
THE REGULATORY (DEFAULT) WOPETER HEIGHT OF 10.0 METERS ms ENTERED P

'ANGLE RELATIVE TO LONG AXIS - 90 oooo
BUOY. FLUX = < .000 M+4/3+#3; MOM. FLUX =  .000 Mesd/Ses2.

‘##x STABILITY CLASS s-oumg wae | . -

. ¥** ANEMOMETER HEIGHT WIND SPEED OF 3.50 M/S ONLY *++
ttttt"tt.ttttttit't;*ilttt";ﬁii-t.tﬁtt; o ) ' . - _ ' ; . . - ’
' #¢+ SCREEN AUTOMATED DISTANCES *+* . o S \J !

Q..’ﬁ’*!”tt’bt’ﬁ*l*Q.*Ot*‘.tl’tt*

_ via TERRAIN HEIGH‘I' OE ' O. M ABOVE STACK. BASE USBD FOR ?OLLOWIN'G DISTANCES waw

DIST conc . UlOM  USTK MIX BT . PLUME MAX DIR |
(M)  (UG/M**3)  STAB - (M/S) (M/S) , (M) . HT (M) - (DEG)

30, 4453, - 6 3.5  3.510000.0 .00 90, .
100, . .1353E+07 6 3.5 3.5 10000.0 .00 %0, L -
200, .9892£406 6 3.5 3.5 10000.0 .00  .S0. . - 3
MAXIMUM 1-HR CONCENTRATION AT OR BEYOND ~ 10. M: . .~ .~~~
64, .137es+07 6 3.5 3.510000.0 .00 . %0. . .

i -
ifﬁi**i'i*i.ti***t'tt'*ii'it'liti*iittt

#*#* SUMMARY OF SCREEN MODEL B.BSUI.‘I'S A B C

T RIS Z22 2 YT R3S T PSR PSS AL L Y 2 )
. : ] ) .

.

CALCULATION  MAX CONC = 'DIST 70 TERRAIN e
PROCEDURE. . {UG/M'*3)  MAX {M)" KT M ‘ Co
SIMPLE TERRAIN . .1378E+07 - 84.. 0. .

tt*t'o’tttttbttattttttt*ttt&ttt:ﬂrﬁrtﬁttnﬁnttttittt

- % REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS *+

itttit**ﬁttttt*ﬁi*tttttttititititititittittiilttiih ‘ A
;
’
.
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| #%¢ TERRAIN HEIGHT OF -

- SIMPLE TERRAIN

09/08/97 - _ f - kR
#»%  SCREEN3 MODEL RUN #%% - ' T e
| *** VERSION DATED 96043 **+ S
. ) ~ ]
‘ Spactron Site - Const:uction swment. 3 o e
" SIMPLE TERRAIN INPUTS' : : L )
SOURCE TYPE - - AREA
EMISSION RATE !G/(S-M*‘Z)) =  1.00000
. SOURCE HEIGHT (M) - ~.0000
" LENGTH OF LARGER SIDE (M) = . - 100.0000
LENGTH OF SMALLER SIDE (M) = . 20.0000
RECEPTOR ‘HEIGHT (M) — 2.0000
URBAN/RURAL GPTION - RURAL

06:43:40

: '.I'HE REGULATORY (DEE‘AULT) HIXING .HEIGHT OPTION WAS SBLECTED. :

THE REGU'LATOR! (DEFAULT) ANEMOMETER HEIGHT" or 10 0 METERS WAS EN‘I‘ERED.

ANGLE RELATIVE '1‘0 LONG AXIS = - 90.0000

BUOY. FLUX =  .000 M**4/S**3; MOM. FLUX =

#++¢ STABILITY CLASS 6 ONLY #*+

*++ ANEMOMETER HEIGHT WIND SPEED OF  3.50 M/S ONLY #*+

tittti*tt’ttiﬁittitiilttiittt*ti*t-

*#* SCREEN AUTOMATED DISTANCES ***

.i*!t“ti!".t‘*t'"i*i*it‘**ii“.*

.000 M*vq/S5%*2.

B4,  .1378E+07 . 6 = 3.5 ‘ 35'19000.0_ .00

, wbdddddddb bbb ndrrdd kbt bbb dd b d b

#++ SUMMARY OF SCREEN MODEL RESULTS *#+

. *Iibtﬁttﬁ*it.it*t*tt*tﬁ’t'**ﬁiiﬁiiiitti

-

MAX CONC. - DIST 70 TERRAIN
(UG/M**#3) MAX (M) RT (M)

S o 0o it

_Caxcuxnzxou .
- PROCEDURE ‘
L1378E407 84. . 0.

i

’iitittt*t*ittﬁ'i‘t**iitti*tiﬁi*it**‘tt**itti*ii**t

*+ REMEMBER TO INCLUDE BACKGROUND CONCENTRA'I‘IONS el

liittt*tttih*t*t**iiititit*ﬂiit**tiiiitii**ﬁii*tiit .

DIST . CONC . Ul0M USTK MIX KT PLUME MAX n:n
(M) (UG/M**3)  STAS (M/S} (M/S) (M) KT (M) (DEG)
10. - 4453. 8 3.5 3.5 10000.0 .00 90.
100. .1353E+07 € 3.5 3.5 10000.0 ' .00 90. .
200. '.9892!+06 § 3.5 3.510000.0. .00 90. .
| MAXIMM 1-HR CONCENTRATION AT OR BEYOND  10. M: .
. 90.

0. M ABOVE STACK BASE USED FOR FOLIOWING DISTANCES ser

.
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10 -~ Appendix B - Example Calculations

, : o ‘;-r b oo
K Sa.mple mlcu!auons forTCEmconstrucnon segmentz 5'-.* T
Cuq 2,215 _pg}L (;vgrgge from pj&'z‘omet;rs-seeTabl: ?)w
C2:SmgL i
o Gyt 1000 Lt
2218 1;ngfi._'o.422"1000Um’. | )
934.71#5!::1’ | | ‘
F._ "._D‘[n."”ln}‘["CJh] o o
19x10° ‘/sec*[oz”’foa’lwsnmgm’*wosm] L S
|'643x10"mgfm-soc - B
| G FeL/EY -~
| | [6.43x 104'.ﬁgfm‘-secfsbm]_ztzm*a.sm/sggj' IR o '
B | 7.35x10° xi:g;;h’ (comﬁare to 7.35 x 107 mg/ﬁ;? in Table 8)
‘Cﬁu FA'Ile v : S s o
| | 643x10“mglm -sec=-0138x10’ gem -sedg- *1;/10‘ ug
_s ssuo"mg/m (compareto886x10“mg!m in'I‘able 9) .
= T S S

.‘  ¥ 1 . ' ﬂR|00h76.
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" CONSTRUCTION SPECIFICATIONS
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DIVISION 1: GENERAL REQUIREMENTS

'Sectmn 01010:

_ Section 01039:
L Section 01050:
" Section 01300:
Section 01545:
~ Section 01550:
- 'Section.01_600:‘
"~ Section 01700:

" DIVISION 2: SITE WORK
Section 02060:
. Section 02110:
Section 02115:
' Sectlon 02220:
Sectmn 02225;
o _Secnpn 02_229:
Section 02277:
Section 02715:
~Section 02733:
 Section 02749:
‘Section 02751:
“Section '02753:

- Sedtion 02831:

Secnon 02936

Sumrnary of Work ‘
Coordination and Mcctzngs
Field Engmecnng T

Submittals .

Health and Safety |
Constmcuon Facilities and Ternporary Controls
Ma;cnals and Equlpmcm '

Demobilization/Project Closeout -

Demolition' " h |
Site Clearing
Erosion and Seduncnt Control -
Earthwork

Collection System Contmnment Pxpmg

| Boulder and Rubble Removal

'Gabxons

Water Ma_magemcnt
Groundwater Collection System e

Composite Geosymhetxc Clay Layer

Geocushion - S
Geocomposite Polypropylenc Geomembranc o
Fcncmg ' '
Habitat Restorauon '

DIVISION 3: CONCRETE
Scctlon 03300 Cast-In-Placc Concretc
Sccuon 03412 Rock Anchors
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o SUMMARY OF WORK . -
 “ PARTL:  GENERAL
11 - Descripio